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ABSTRACT
E x p é r i m e n t a l  d a t a  h a v e  b e e n  a c c u m u l a t e d  i n  o r d e r  
t o  c o m p a re  t h e  o p t i c a l  s t a b i l i t i e s  o f  s e v e r a l  8 , 8 ^ - d i s u b -  
s t i t u t e d - 1 , l * ~ b i n a p h t h y l s , t h u s  e x t e n d i n g  t h e  w o rk  a l r e a d y  
d o n e  on t h e  8 , 8 ^- a c i d  and i t s  e s t e r s  t o  b l o c k i n g  g r o u p s  
o f  d i s t i n c t l y  d i f f e r e n t  c h a r a c t e r * .
The compounds s t u d i e d  a r e  1 , l ’ - b i n a p h t h y l s  s u b s t i ­
t u t e d  i n  8 and 8 ’ p o s i t i o n s  by  h y d r o x y m e t h y l , b r o m o m e th y l ,  
m e t h y l ,  m e t h y l e n e  q u i n o l i n i u m  brom ide  and m eth oxy  c a r b o n y l  
g r o u p s ;  i n  a d d i t i o n  b e n z o - 1 ’ , 2 ^ - 7 , 8 - b e n z a n t h r o n e - 3  
c a r b o x y l i c  a c i d  and i t s  m e t h y l  e s t e r  have  b e e n  p r e p a r e d .
A l l  t h e s e  compounds h av e  b e e n  s y n t h e s i s e d  f o r  t h e  f i r s t  
t i m e  ( e x c e p t  b e n z o - 1 * , 2 ’ - 7 , 8 - b e n z a n t h r o n e - 3 * - c a r b o x y l i c  
a c i d  and i t s  e s t e r ) a n d  h a v e  b e e n  o b t a i n e d  i n  t h e i r  o p t i c a l l y  
a c t i v e  s t a t e  f o r  t h e  f i r s t  t i m e .  T h e i r  r a t e  c o - e f f i c i e n t s  
f o r  r a c é m i s a t i o n  h a ve  b een  d e t e r m i n e d  a t  s e v e r a l  t e m p e r a ­
t u r e s  c o v e r i n g  t h e  r a n g e  3 0 ^ - 4 0 ^  ( e x c e p t  8 , 8 ’ -b isb rorao ra eth y l  
ard 8 , 8 * - b i s ( m e t h y l e n e q u i n o l i n i u m  b r o m i d e ) - l , l * - b i o a p h t h y l s  
w h ic h  w e re  decomposed i n  N , N - d i m e t h y l f o r m a m i d e ) . The s o l v e n t  
u s e d  f o r  a l l  t h e  compounds w^s N , N - d i m e t h y l f o r m a m i d e .
Prom  t h e  e x p e r i m e n t a l  r e s u l t s  t h e  A r r h e n i u s  p a r a m e t e r s  E 
and  log . ,^A  and t h e  T r a n s i t i o n  S t a t e  T h e o r y  f u n c t i o n s
S and A. F h a v e  b e e n  c a l c u l a t e d  u s i n g  t h e
e q u a t i o n s ^
4-
—B /
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I n  t h e  d i s c u s s i o n  t h e  o p t i c a l  s t a b i l i t y  o f  o p t i c a l l y  
l a b i l e  s u b s t i t u t e d  1 , l * - b i n a p h t h y l s  h a v e  b e e n  d e s c r i b e d .
A c o m p a r i s o n  o f  t h e  r a c é m i s a t i o n  p a r a m e t e r s  h a s  b e e n  made 
w h ic h  a p p e a r s  t o  show t h a t  t h e  and  t h e  -CH2CH g r o u p s ,
w h i c h  a r e  r o u n d e d  ( o r  t h r e e  d i m e n s i o n a l )  p r o d u c e  l a r g e r  
a n g u l a r  b l o c k i n g  a r e a  t o  p a s s i n g  t h a n  t h e  -GOOH and  GÔOGH^ 
o r  G0 0 C 2H^ g r o u p s  d o ,  w h ic h  a r e  ” f l a t ’\  T h a t  i s ,  8 , 8 * -  
b i s h y d r o x y r a e t h y l , 8 , 8  *-d i m e t h y l  and 8 *- h y d r o x y m e t h y l - 8 * -  
m e t h o x y  c a r b o n y l - 1 , l * - b i n a p h t h y l s  a r e  m ore  s t a b l e  t h a n  1 , 1 *-  
b i n a p h t h y l - 8 , 8 * - d i c a r b o x y l i c  a c i d  a n d  i t s  e s t e r .  A l l  t h e s e  
c o m p o u n d s  a r e  a l s o  c o n c l u d e d  t o  b e  s t r a i n e d  i n  t h e i r  g r o u n d  
s t a l | e | a s  t h e y  a r e  much l e s s  s t a b l e  t h a n  t h e  l , l * - b i n a p h t h y l -  
2 , 2 * - d i c a r b o x y l i c  a c i d .  The  s t r a i n  i s  o b v i o u s  a l s o  f r o m  
t h e  m o d e l s .
I n  t h e  e x p e r i m e n t a l  s e c t i o n  t h e  s y n t h e s e s  a n d  t h e  
m e t h o d s  b y  w h ic h  t h e  o p t i c a l  a c t i v i t y  was  g a i n e d  h a v e  b e e n  
d e s c r i b e d .
I n  t h e  f i n a l  p a r t  some i n f r a r e d  s p e c t r a l  d a t a  f o r  
1 , 1  *- b i n a p h t h y l - 8 , 8 * - d i c a r b o x y l i c  a c i d ,  i t s  e s t e r  and 1 * ,2 * -  
7 , 8 - ( b e n z a n t h r o n e ) - 3 * - c a r b o x y l i c  a c i d  i s  g i v e n .  No c o m p l e t e  
c o n c l u s i o n  ca n  b e  drawn from  t h e s e  s p e c t r a ,  b u t  i t  m y  be  
s e e n  i n  1 , 1 * - b i n a p h t h y l - 8 , 8 * - d i c a r b o x y l i c  a c i d  t h e  ( + )  and 
( - )  fo rm s  h a v e  s i m i l a r  i n f r a r e d  s p e c t r a  and h e n c e  h av e  t h e  
same m o l e c u l a r  c o n f i g u r a t i o n  a p a r t  from  t h e  m i r r o r  image  
i s o m e r i s m ,  w h i l e  i n  ( + )  a c i d  t h e  i n f r a r e d  s p e c t r u m  shows  
d i s t i n c t  d i f f e r e n c e s  t h e r e f o r e  i t  p r o b a b l y  h a s  a d i f f e r e n t  
c o n f i g u r a t i o n .  The d i f f e r e n c e  c o u l d  be  b e c a u s e  o f  t h e  
h y d r o g e n  b o n d i n g  w h ich  may be  d i f f e r e n t  i n  t h e  two c a s e s  
o w in g  t o  d i f f e r e n t  s p a t i a l  c o n f i g u r a t i o n  o f  t h e  c a r b o x y l i c  
a c i d  g r o u p s  r e l a t i v e  t o  e a c h  o t h e r .
G 0  Ni T S  N T S .
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O p t i c a l  a c t i v i t y  due  t o  r e s t r i c t e d  r o t a t i o n  a b o u t  a 
s i n g l e  bond was f i r s t  r e c o g n i s e d  i n  s u b s t i t u t e d  b i p h e n y l s ,  
w i t h  t h e  i n t e r p r e t a t i o n  o f  K e n n e r ’ s  ( j . , 1 9 2 2 ,  6ll$.) 
r e s o l u t i o n  o f  6 , 6 ’ - d i n i t r o d i p h e n i c  a c i d  b y  B e l l  and Kenyon  
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r e j e c t e d  K a u f l e r ’ s  " b e n t f o r m u l a  ( A n n . ,  1 9 0 7 ,  3 5 1 . 1 5 1 .  . B e r .  
1 9 0 7 ,  j iP ,  32 5 0 ) i n  f a v o u r  o f  c o a x i a l  b e n z e n e  r i n g s .
A s u b s t i t u t e d  b i p h e n y l  i s  i n t r i n s i c a l l y  c a p a b l e  o f  
o p t i c a l  a c t i v i t y  i f  e a c h  r i n g  c a r r i e s  a t  l e a s t  o n e  s u b s t i t u e n t  
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a(-Jr) and a  ( - )  fo rm .  T h e r e f o r e  i f  o p t i c a l  a c t i v i t y  i s  t o  4 ^  
ob s e r v e d .  f l a t t e n i n g  u n d e r , t h e  c o n d i t i o n s  o f  o b s e r v a t i o n  
m ust  b e  p r e v e n t e d  t o  some e x t e n t .  T h i s  ca n  be  d o n e  by  4 ,  3 ,
2 o r  1 o b s t a c l e s ; -
cooV\ coov\ Coo 4^
L') C'V
Ohrisfcie and K enner  S t o u g h t o n  and Adams
(£ ► ,1 9 2 2 ,  1 2 1 ,  6 U )  f J . A . G . S .  . 1 9 3 2 , ^  hk26)
fO
I (H)
L e s s l l e  and T u rn er  L e s s l i e  and Turner
1 9 3 2 , 2 3 9 U) ( i , 1 9 3 3 ,  1 5 8 8 )
T he  ( + ) - c a m p h o r  s u l p h o n a t e  o f  3 - t> ro m o b ip h e n y l -* 2 -  
t r i m e t h y l  a r s o n i u m  i o d i d e  (iv) show s m u t a r o t a t i o n s :  t h e  
a r s o n i u m  i o d i d e  o b t a i n e d  had  a  v e r y  t i n y  r o t a t i o n  w h ic h  was
t o  z e r o  a f t e r  h e a t i n g  i t  a t  10 0  f o r  2 h o u r s .  T h i s  show s
t h a t  t h e  m o l e c u l e  i s  n o t  p l a n a r .  T h i s  i s  t h e  o n l y  known 
e x a m p le  o f  t h e  o p t i c a l  a c t i v i t y  d e p e n d i n g  on  o n l y  one 
o b s t a c l e .  T hey  f a i l e d  t o  r e s o l v e  t h e  c o r r e s p o n d i n g  2 -  
t r i m e t h y l -ammonium s a l t s .
T h e r e  a r e  many o t h e r  t y p e s  o f  com pounds  w h e re  t h e  
o p t i c a l  a c t i v i t y  i n  t h e  m o l e c u l e  i s  p r o d u c e d  by  r e s t r i c t e d  
r o t a t i o n ,  e . g .  M i l l s  and E l l i o t t ,  ( i ; ^  1 9 2 8 ,  1 2 9 1 ) o b t a i n e d  
N - b e n z e n e D S u l p h o n y l - 8 - n i t r o - l - n a p h t h y l - g l y c i n e  (v) i n  
o p t i c a l l y  a c t i v e  f o r m s .  M i l l s  and K e lham  ( J . ,  1 9 3 7 ,  274) 
r e s o l v e d  F - a c e t y l - F - m e t h y l - p - t o l u e n e - 3 - s u l p h o n i c  a c i d  ( X V l ) .  
They a l s o  p r e p a r e d  a  s e r i e s  o f  l - a l k y l > ^ c y l o a m i n e - 8 - n a p h t h a l e n e <  
s u l p h o n i c  a c i d s  and r e s o l v e d  t h e s e  compounds ( V I l )  ( J .  .
1 9 3 7 ,  2 7 4 ) .
l\
?Vv g o
, CH CÙCV a-4
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Cv) IV I )
Adams and M i l l e r  ( j . A . Q . 8 . . 1 9 4 0 .  6 2 .  ? 3 )  r e s o l v e d  




C vu) ( .V I"  )
K
(LOO H
Kuhn and A l b r e c h t  (Ann;  ^ 1 9 2 8 .  4 6 5 . 2 8 2 )  r e s o l v e d
1 , l * - b i n a p h t h y l - 2 , 2 * - d i c a r b o x y l i c  a c i d  ( I X ) .  O o r b e l l i n i ,
( A t t i  A c c a d , L i n c e i . . 1 9 3 1 ,  1 1 . 7 0 2 ) ,  S t a n l e y  ( J . A . 0 . 8 . .
1 9 3 1 ,  1 3 ,  3 1 0 4 )  and M e i s e n h e im e r  and B e i s s w e n g e r  ( B e r . .  1 9 3 2 ,  
6 5 . 3 2 ) a l m o s t  s i m u l t a n e o u s l y  r e p o r t e d  t h e  r e s o l u t i o n  o f  
l , l * - b i n a p h t h y l  - 8 , 8 ^ - d i c a r b o x y l i c  a c i d  (X)  and r e c o g n i s e d  
a s  d i s u b s t i t u t e d  b i p h e n y l  w i t h  t h e  C -  GÔÔÏÏ g r o u p s  i n
/  'V
t h e  2 and 2* p o s i t i o n s .
t z
I 'X) C^)
J a m is o n  and T u rn er  ( j .  19 3 Ô ,  l 6 U 6 )  o b t a i n e d  ( X I l )  
i n  t h e  o p t i c a l l y  a c t i v e  s t a t e  and W oodruff  and Adams,
, 1 9 3 2 ,  ^  1 9 7 7  ) r e s o l v e d  ( X l l l ) .
-  pK
VA
T h e s e  a r e  o n l y  few e x a m p l e s  o u t  o f  many o t h e r  
c o m p o u n d s  t h a t  h a v e  b e e n  r e s o l v e d  and h a v e  a s y m m e t r y  
d u e  t o  r e s t r i c t e d  r o t a t i o n .
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M easurem ent and  A s s e s s m e n t  o f  t h e  O p t i c a l  S t a b i l i t y  
 ______
R a c é m i s a t i o n  i s  a t r a n s f o r m a t i o n  o f  an o p t i c a l l y  a c t i v e  
form  i n t o  e q u a l  q u a n t i t i e s  o f  ( + )  and ( ~ )  form s and i s  found  
t o  f o l l o w  t h e  u n i m o l e c u l a r  law  i n  s t e r i c a l l y  h i n d e r e d  
com pounds .  Euhn and A l b r e c h t  (A nn.  . 1 9 2 7 ,  L j^ ,  2 7 2 ,  h-58.  22 1 )  
were  th e  f i r s t  t o  o b s e r v e  t h a t  t h e  r a c é m i s a t i o n  o f  a  h i n d e r e d  
b i p h e n y l ,  a n i t r o d i p h e n i c  a c i d ,  obeyed  t h e  f i r s t  o r d e r  
r e a c t i o n  r a t e  law  i n  s o d iu m  c a r b o n a t e  s o l u t i o n .  The r a t e  
c o n s t a n t  k  f o r  r a c é m i s a t i o n  may be  c a l c u l a t e d  fro m  t h e  
f i r s t  o r d e r  r a t e  e q u a t i o n ,
2 . 3 0 3  '*^0
a  —1W..     l o g  ..— I— — I— —
 ^ c6 t
w h e r e (^ o  =» i n i t i a l  r o t a t i o n
o6t 3 r o t a t i o n  a f t e r  t i m e  t .
The f i r s t  o r d e r  r a t e  c o n s t a n t  k  and t h e  r e s u l t i n g  h a l f  
l i f e - p e r i o d  f o r  r a c é m i s a t i o n  i n  a g i v e n  s o l v e n t  and a t  g i v e n  
t e m p e r a t u r e  w e r e  u sed  a s  a q u a n t i t a t i v e  m ea su r e  o f  o p t i c a l  
s t a b i l i t y  by  Adams and h i s  c o - w o r k e r s  ( J . A . G . 8 . . 1 9 3 9 ,  § l f  2 8 2 5 )
T he  k i n e t i c s  o f  r a c é m i s a t i o n  o f  s t e r i c a l l y  h i n d e r e d  
compounds h a s  a l s o  b e e n  s t u d i e d  u s i n g  t h e  A r r h e n i u s  r e l a t i o n s h i p .
14-
- E /
k  = Ae RT
where k =» r a t e  c o n s t a n t
1  => e n e r g y  o f  a c t i v a t i o n  
A 3 p r o b a b i l i t y  f a c t o r  
R =» g a s  c o n s t a n t  
T =» a b s o l u t e  t e m p e r a t u r e
By m e a s u r i n g  v a l u e s  o f  k  a t  d i f f e r e n t  t e m p e r a t u r e s  and 
u s i n g  t h e  a b o v e  e q u a t i o n ,  E ,  t h e  e n e r g y  o f  a c t i v a t i o n  -  i . e .  
t h e  e n e r g y  b a r r i e r  o v e r  w hich  t h e  m o l e c u l e  i n v e r t s  i t s  
c o n f i g u r a t i o n ,  and t h e  p r o b a b i l i t y  f a c t o r ,  A (PZ) w h ic h  
i s  r e l a t e d  to  t h e  p r o b a b i l i t y  t h a t  t h e  m o l e c u l e  h a v i n g  jgot 
s u f f i c i e n t  e n e r g y  w i l l  i n v e r t  may be c a l c u l a t e d .  The f i r s t  
p e o p l e  who used  t h e  A r r h e n i u s  r e l a t i o n s h i p  f o r  t h e  r a c é m i s a t i o n  
o f  s t e r i c a l l y  h i n d e r e d  compounds w e re  Kuhn and A l b r e c h t  
(A n n ;^1 9 2 7 .  U 5 5 . 2 7 2 ) .  T h ey  worked on t h e  r a c é m i s a t i o n  o f  
some d i n i t r o  and t r i n i t r o  d i p h e n i c  a c i d s  and c a l c u l a t e d  t h e  
e n e r g y  o f  a c t i v a t i o n  from  t h e  r a t e  c o n s t a n t s  a t  d i f f e r e n t  
t e m p e r a t u r e s .
F i n a l l y  C a g l e  and B y r i n g  ( J . A . C . S . . 1 9 5 1 .  5 6 2 8 )
a p p l i e d  t h e  G l a s s t o n e ,  L a i d l e r  and B y r i n g ' s  a b s o l u t e  r e a c t i o n  
r a t e  t h e o r y  e q u a t i o n  f o r  t h e  r a c é m i s a t i o n  o f  c e r t a i n  
s t e r i c a l l y  h i n d e r e d  com p o u n d s ,  ( G l a s s t o n e ,  L a i d l e r  and E y r i n g ,  
"The T h e o r y  o f  R a t e  P r o c e s s e s ” . M c G r a w -H i l l ,  Hew Y o r k ,  1 9 4 1 ) .
k  T^ ^  ^
^  K ______  e  nAH/RT e ^ / E
I’D
w here k  =» r a t e  c o n s t a n t
X » t r a n s m i s s i o n  c o - e f f i c i e n t  
k => B o ltzm a n n * s  c o n s t a n ta
h =» P la n k s  C o n sta n t  
AH^=* e n t h a l p y  o f  a c t i v a t i o n  
A s  a e n t r o p y  o f  a c t i v a t i o n  
R a g a s  c o n s t a n t  
T » A b s o l u t e  t e m p e r a tu r e  .
4=-
Prom t h e  a b o v e  e q u a t i o n , t h e  e n t r o p y  o f  a c t i v a t i o n  
may be e v a lu a t e d  on d e t e r m in in g  th e  v a l u e  ofAH^ t h e  entWeilpy  
o f  a c t i v a t i o n ,  from  AH^ =* E -  R T.
A P ^  th e  f r e e  e n e r g y  o f  a c t i v a t i o n ,  may b e  e v a lu a t e d  
from  t h e  r e l a t i o n s h i p :
^ f
AP » AH -  T A S
The f r e e  e n e r g y  o f  a c t i v a t i o n  h a s  b e e n  o f t e n  used  a s
a m easure  o f  o p t i c a l  s t a b i l i t y  a s  i t  i s  r e l a t e d  t o  t h e
m easured q u a n t i t y  k .
k  T - A P /  it-
k  ^  e  RT ( s i n c e  AP a AH -  TA 8
h
I t s  v a l u e  c o u ld  b e  r a i s e d  from  an u n o b s e r v a b le  t o  an
o b s e r v a b l e  v a l u e  by a l a r g e  n e g a t i v e  e n t r o p y  f a c t o r .
R ie g e r  and W esth e im er  ( J . A . 0 . 8 . . 1 9 5 0 ,  %2, 2 4 )  th o u g h t  
f o r  a s t r a i g h t  forw ard u n i ip o le c u la r  r e a c t i o n  i n  s o l u t i o n  
e n t r o p y  f a c t o r  i s  o f  t h e  o r d e r  -  6 . 0  e . t u
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A l l  o f  t h e s e  f a c t o r s / \ P , A H  and/^8, a r e  c a l l e d
t h e  t r a n s i t i o n  s t a t e  t h e o r y  f u n c t i o n s ;  t h e s e  and the
S
A r r h e n i u s  f a c t o r s , / a n d  A h a v e  b e e n  u s e d  t o  d e s c r i b e  t h e  
o p t i c a l  s t a b i l i t y  o f  a n y  p a r t i c u l a r  compound. I f  t h e  p r o b a b i l i t y  
f a c t o r  ( o r  t h e  e n t r o p y  f a c t o r )  w e re  c o n s t a n t ,  t h e  o p t i c a l  
s t a b i l i t y  would be measured by e n e r g y  o f  a c t i v a t i o n  E ,  t h e  
g r e a t e r  t h e  e n e r g y  o f  a c t i v a t i o n  t h e  more o p t i c a l l y  
m u t a b l e  t h e  compound# But i t  i s  n o t  a l w a y s  so  b e c a u s e  
s o m e t im e s  t h e  p r o b a b i l i t y  f a c t o r  A (and t h e  e n t r o p y  o f  
a c t i v a t i o n s )  e f f e c t s  t h e  r a t e  a s  w e l l  a s  B*
C a g l e  and E y r i n g  ( J . A . C . S ,  , 1951  2 2  , 5 6 2 8 )  c o l l e c t e d  
t h e  r a c é m i s a t i o n  d a t a  a v a i l a b l e  a t  t h e  t i m e  and c a l c u l a t e d  
A S  and AH f o r  a number o f  compounds i n  o r d e r  to  t r y  to  
c o - r e l a t e  t h e  s t r u c t u r e  and t h e  r e a c t i o n  r a t e #  The d a t a  
g i v e n  i n  t h e i r  t a b l e  a r e  n o t  s u f f i c i e n t  t o  make a v e r y  
p r o f i t a b l e  d i s c u s s i o n ,  a s , i n  some c a s e s ^ t h e r e  a r e  o n l y  
two v a l u e s  o f  k a t  d i f f e r e n t  t e m p e r a t u r e s  w i t h  w h ich  t o  
p l o t  t h e  graph t o  c a l c u l a t e  AH# B e s i d e s ,  th e  s o l v e n t  used  
d i f f e r e n t  w i t h  t h e  d i f f e r e n t  com pounds ,  and t h e  ch ange  o f  
s o l v e n t  makes a  d i f f e r e n c e  t o  t h e  r a t e  o f  r a c é m i s a t i o n #
P.B.D# d e  l a  Mare ( P r o g r e s s  i n  S t e r e o - c h e m i s t r y .  V o l .  1 ,  
p .  1 2 2 )  i n  h i s  c r i t i c i s m  s a i d  he  t h o u g h t  t h a t  "The a u t h o r s  
sh o u ld  a w a i t  a c o n s i d e r a b l e  e x t e n s i o n  o f  t h e  e x i s t i n g  
i n f o r m a t i o n . "  However t h e y  w e re  t h e  f i r s t  t o  p o i n t  o u t  
t h a t  A  S c o u ld  be  i m p o r t a n t  i n  r a c é m i s a t i o n s #
f7
B r o o k s ,  H a r r i s  and H o w l ^  ( i » ,  1 9 5 7 ,  2 3 8 0 ) ,  worked
on a s e r i e s  o f  s u b s t i t u t e d  N - b e n z o y l - d i p h e n y l a m i n 0- 2-
c a r b o x y l i c  a c i d s  and d i s c u s s e d  t h e i r  o p t i c a l  s t a b i l i t i e s
from t h e  r a c é m i s a t i o n  v e l o c i t y  c o n s t a n t s  and from t h e  B ,  A
and v a l u e s .  They e x p l a i n e d  t h a t  t h e  d i f  f e r e n c e  i n
s t a b i l i t y  b e t w e e n  6 - m e t h y l - 2 * - f l u o r o - H - b e n z o y l - d i p h e n y l a m i n e ~
2 - c a r b o x y l i c  a c i d  (XIV) h a v i n g  S = l U . 9  k c a l m o l e  and 
20
t ^  a 3 . 2  m i n u t e s ,  and t h a t  o f  i | - : o - d ib r o m o - N - b e n z o y l - d ip h e n y l *  
a m i n e - 2 - c a r b o x y l i c  a c i d  (XV) w i t h  E =» 1 9 . 3  k  c a l m o l e  and 
 ^ 1 . 4  m i n u t e s  a p a r t  f r o m  t h e  s t e r i o  f a c t o r s  m ust  b e  due  
t o  t h e  e n t r o p y  o f  a c t i v a t i o n ,  which i s  o n l y  - 4 . 1  e . u .  f o r  
(Xv) In  G o m p a r ls io n  w i t h  - 2 0 ^ 9  e . 14 f o r  t n e  f o r m e r ( x i v ) .
CO
?K
B r o o k s ,  H a r r i s  and H o w l ^  ( J # ,  1 9 5 7 ,  1 9 5 4 )  a l s o  n^de  
some i n t e r e s t i n g  i n v e s t i g a t i o n s  a l o n g  t h e s e  l i n e s ,  w o r k in g  
on some n i t r o  d i p h e n i c  a c i d s .  They found t h a t  t h e  B v a l u e s  f o r  
t h e  r a c é m i s a t i o n  o f  6 - n i t r o - ,  6 , 4 ^ - d i n i t r o - ,  and 4 , 6 , 4 ® - t r i n i t r o -  
- d i p h e n i c  a c i d  i n  sod ium  c a r b o n a t e  s o l u t i o n  w e r e  e q u a l .
2 2 . 6  k c a l m o l e
-1
HO,








(x v w v )
The h a l f  l i v e s  w e r e  2 8 ,  91 and 208 m i n u t e s  r e s p e c t i v e l y .  
The i n c r e a s e  i n  s t a b i l i t y  on a d d i t i o n  o f  t h e  4  and 4* n i t r o
g r o u p s  i n  which t h e y e  c a n  h a v e  no s t e r i c  e f f e c t ,  was shown t o
i=
be  due t o  t h e  A S  v a l u e s ,  which w ere  r e s p e c t i v e l y  - 1 2 . 2 ,
- l 4 . 7  and - l 6 . 2  e . U .  ( o r  a l t e r n a t i v e l y  i n  A (PZ) v a l u e s .
10.6  
10 , l O r l  9.7%10 and 10 /
Prom t h e  c o l l e c t i o n  o f  t h e  e x p e r i m e n t a l  d a t a  . (b y  H a l l  
and H a r r i s  ( ^ . , 1 9 ^ 0 ,  4 9 0 ) ,  who were  a b l e  to congpileua t a b l e  
o f  A r r h e n i u s  p a r a m e t e r s ,  and e n t r o p i e s  o f  a c t i v a t i o n  f o r  t h e  
r a c é m i s a t i o n  o f  34  o p t i c a l l y  l a b i l e  compounds,  which owe t h e i r  
a c t i v i t y  t o  r e s t r i c t e d  r o t a t i o n ,  i t  may b e  s e e n  t h a t  t h e  
e n t r o p y  f a c t o r  may v a r y  i n  t h e  r a n g e  b e tw e e n  + 9 . e . 4 — 2 0 . e . 4 .  
and a l s o  t h a t  E v a l u e s  may sp re a d  o v e r  a w id e  r a n g e .
C alc u l a t io n  o f  energy o f  a c t i v a t i o n  fo r  r a c é m isa t io n .
Mayer and  W e s t h e i m e r  ( J .  Chem. p h y s # . , 1 9 4 7 ,  1 5 .  252)
w e re  t h e  f i r s t  who t h e o r e t i c a l l y  c a l c u l a t e d  t h e  e n e r g y  o f
a c t i v a t i o n  o f  a  s t e r i c a l l y  h i n d e r e d  b i p h e n y l ,  2 , 2 ^ - d  i b r o -
—1
m o b i p h e n y l -  o f  18 k  c a l . m o l e  , b y  m i n i m i s i n g  t h e  e n e r g y  
o f  a  p l a n o r  t r a n s i t i o n  s t a t e  w i t h  r e s p e c t  t o  bond  d e f o r m a ­
t i o n  and V e n d e r  W a a ls  i n t e r a c t i o n s .  T h e i r  m e th o d  h a s  b e e n  
a p p l i e d  w i t h  som e m o d i f i c a t i o n s  f o r  many o t h e r  c o m pounds  
by  H e w l e t t  ( ^ ,  1 9 ^ 0 ,  1 0 5 5 ) ,  and b y  H a l l  and T u r n e r  ( j .  .
1 9 5 5 ,  1242  -  a p p e n d i x ) .
D i s c u s s i o n  on O p t i c a l  S t a b i l i t y  i n  1 , 1 * - B in a p h t h y l s ,
A number o f  s u b s t i t u t e d  l , l * - b l n a p h t h y l s  h a v e  b e e n  
o b t a i n e d  In o p t i c a l l y  a c t i v e  f o r m s ,  and I t  was found from  
t h e  l i t e r a t u r e  t h a t  a l l  2 , 2 * - d i s u b s t i t u t e d - 1 , 1 ’ - b i n a p h t h y l s  
a r e  q u i t e  s t a b l e  to w a r d s  r a c é m i s a t i o n ,  so  t h e  s u b s t i t u t e d  
o p t i c a l l y  a c t i v e  1 , l ’ - b i n a p h t h y l s  may b e  d i v i d e d  i n t o  two  
c l a s s e s .
( i )  T h o se  w nich  do n o t  r a c e m i s e  o r  r a c e m i s e  w i t h  
d i f f i c u l t y .
( i i )  T h o se  wtilch r a c e m i s e  f a i r l y  e a s i l y .
The t a b l e s  o f  b o t h  t y p e s  o f  compound a r e  g i v e n  b e l o w .
TABLE I
i\ i ; i  2 , 2 ’ - Subs t i t u t ed- 1 , 1  ’ - B i n a p h t h y l s .  sh o w in g  
h ig h  o p t i c a l  s t a b i l i t y .
No,  Expe r i men t s .
The r o t a t i o n  was found t o  
be unchanged , when t h e  
s o l u t i o n  i n  N - m e t h y l -  
formaraide m s  h e a t e d  





I t  i s  s o  o p t i c a l l y  s t a b l e  t h a t  
i t  u n d e rw en t  r e a c t i o n  a t  
200®, and y e t  t h e  a c t i v i t y  








I t  was found t o  be  so  
s t a b l e  t h a t  t h e  m e l te d  d i o l ,  9  
s o l i d i f i e d  on c o o l i n g ,  
showed t h a t  r a c é m i s a t i o n  
had n o t  o c o u r e d .
( - )  Sodium s a l t  p ro ved  t o  
h a v e  h i g h  o p t i c a l  s t a b i l i t y .  
R o t a t i o n s  i n  a q u eo u s  
so d iu m  h y d r o x i d e  i n  s e a l e d  4  
t u b e s  was unchanged a t  
1 9 0 ^ -2 0 0 ^  a f t e r  10 h o u r s .




S t a b l e  to w a r d s  a n y  
o r d i n a r y  method o f  
r a c é m i s a t i o n .
q u i t e  s t a b l e  to w a r d s  race* 
m i s a t i o n
B a * s a l t s  o f  2 , 2 * - d i n i t r o , a n d  2 ,2 *  
d i a m i n o - 1 , 1 * - b i n a p h t h y l - 5 ,5  * -  
d i s u l p h o n i c  a c i d  r e s o l v e d  by  8
c r y s t a l l i z a t i o n  from w a t e r
P K C M  *vve I
w ithA proved  t o  b e  o p t i c  a l l ;  
s t a b l e .  Ph.CHme \
z z
9. The a c i ô  s u c c i n a t e  was  
r a c e m ls a d  w i t h  d i f f i c u l t y ,  
h a l f  l i f e  o f  a b o u t  2 w eek s  
a t  8 0 ° .  and ( + ) 2 - h y d r o x y - l , 1 '  
b i n a p h t h y l  u n d e r  t h e  same 
c o n d i t i o n s  had h a l f  l i f e  o f  
a b o u t  two d a y s .
R e f e r e n c e s  f o r  T a b le  1
1 .  Kuhn and A l b r e c h t ,  Ann. . 1 9 2 8 ,  h 6 5 . 2 8 2 ,
2 .  H a l l ,  R i d g w e l l  and T u r n e r ,  £ * ,  195U, 2 4 9 8 .
3 .  Kuhn and Gold f i n g e r ,  Ann.  ^ 1 9 2 9 .  4 7 0 . 1 8 3 .
4 .  Armarego and T u r n e r ,  g.,  1 9 5 7 ,  1 3 .
5 .  S t a n l e y  and Adams, R e c .  T r a y  Ohem. . 1 9 2 9 ,  kâ»  1035
6 .  I o f f e  and G ra c h e v .  J .  Gen.  Ohem. U . S . S . R . 1 9 3 5 ;  1 9 5 0
7 .  B e r s o n  and Greenbaum J . A . C . S . . 1 9 5 8 ,  8 0 ,  6 5 3 .
8 .  M u r a h a sh i ,  S o i - n a n e r s  I n s t .  p h y s .  Chem. R e s e a r c h  T o k y o ^
1 9 3 2 ,  1 2 ,  2 9 7 ,  0 ^ ,  1 9 3 2 ,  2 ^  2 1 9 1 .
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R e f e r e n c e s  f o r t a b l e I I  
?j^  New work.
1 .  Cooke and H a r r i s ,  , 19&3, 2365
2 .  B e l l ,  Morgan and Sm yth ,  Qhem> and ind . ,  1 9 5 1 ,  G34
3 . M eisenh e im er  and B e i s s w e n g e r ,  B e r . . 1 9 3 2 ,  6 5 . 3 2 .
4 .  T h e i l a c k e r  and H opp,  B e r . ,  1 9 5 9 ,  2S., 2293
C o n s i d e r i n g  t h e  o b s t a c l e  t o  r o t a t i o n  ab ou t  th e  1 , 1 * -  
bonô and e x a m in in g  t h e  c l a s s i c a l  m o d e ls  o f  t h e s e  s t r u c t u r a l l y  
r e l a t e d  a c i d s  (XX) (XXI) (XXII) and (XXIIl) and t h e  e s t e r  
(Xiv) t h e  o r d e r  o f  e x p e c t e d  s t a b i l i t y  would be
XIV ^  XX —  XXI ^  XXII ^  XXIII
VA 66 C
C < X V V l )
1
2-9
But i t  was s e e n  from t h e  r e s u l t s  o f  M e ise n h e im e r  and 
B e i s s w e n g e r  (B e r i^ l9 3 2 ,  6^  3 2 ) and o f  H a l l ,  R i d g w e l l  and 
T urner  1951/,  2498)  t h a t  (XX) was t h e  most  o p t i c a l l y  
s t a b l e .  The r o t a t i o n  was found t o  be unchanged a f t e r  a 
s o l u t i o n  o f  t h e  a c id  i n  N -m e th y l  formaraide was h e a t e d  a t  170^  
f o r  8 h o u r s .
I t  was r a t h e r  s u r p r i s i n g  1 , 1 * - b i n a p h t h y l - 8 , 8 * -
d i c a r b o x y l i c  a c i d  i s  r e a d i l y  r a c e m is e d  w h i l e  1 , 1 *- b i n a p h t h y l  
- 2 , 2 * - d i c a r b o x y l i c  a c id  was q u i t e  s t a b l e  to w a rd s  r a c é m i s a t i o n .  
As i t " a p p e a r s  from t h e  s t u d y  o f  th e  m o d e l s ,  t h e  i n t e r f e r e n c e  
w it h  t h e  f r e e  r o t a t i o n  a b o u t  l , l * - b o n d  i s  v e r y  s i m i l a r .
S t a n l e y ,  ( J . A .C . S . . 1931» 5 5 .  3 1 0 4 )  w r o t e  t h a t ,  " th e  d i f f e r e n c e  
i n  s t a b i l i t y  may be due  t o  t h e  f a c t  t h a t  t h e  p e r i - s u b s t i t u t e d  
c a r b o x y l  groups  i n  8 , 8 * - d i c a r b o x y l - l , l * - b i n a p h t h y l  r e n d e r  
t h e  m o l e c u l e  more l a b i l e  and more c a p a b l e  o f  d i s t o r t i o n  
th en  when t h e  c a r b o x y l  groups  a r e  i n  t h e  2 , 2 * p o s i t i o n * * .
L a t e r  an e x p l a n a t i o n  was s u g g e s t e d  by Cooke and H a r r i s  
(J;^ 19^3 » 2365 ) t h a t  t h e  p e r i - s u b s t i t u t e d  n a p h t h le n e  u n i t s  
a r e  s t r a i n e d  i n  such a way t h a t  p a s s i n g  i s  a lm o s t  a s  e a s y  
a s  i n  u n s u b s t i t u t e d  b i n a p h t h y l .
I n  t h e  c a s e  o f  1 , 1 * - b i n a p h t h y l - 5 ,5  * - d i c a r b o x y l i o  
a c i d ,  which h a s  no c a r b o x y l  group i n  t h e  b l o c k i n g  p o s i t i o n ,  
t h e  o n l y  s t e r i c  h i n d r a n c e  i s  p r o v i d e d  by t h e  o v e r l a p  o f  
h y d ro gen  a t o m s .  B e l l ,  Morgan and Smyth ( Chem and i n d .  . 1951»  
634 ) s a id  t b g t  t h e  s c a l e  d ia g r a m  showed t h e r e  was no r e s t r i c ­
t i o n  t o  r o t a t i o n  ab o u t  t h e  l , l * - b o n d .  However B e l l  and Waring
3 0
( j . ,  19U9,  157 9 )  had o b t a i n e d  l , l ’- b i a 'T ^ t h t e y l  i n  i t s  o p t i c a l l y  
a c t i v e  f o r m s ,  w h ich  w e r e  c o m p l e t e l y  s t a b l e  i n  c h l o r o f o r m  
a t  room t e m p e r a t u r e  b u t  w e r e  r a c e m i s e d  i n  a b o u t  7 h o u r s  i n  
b o i l i n g  x y l e n e  s o l u t i o n .  The s c a l e  d i a g r a m  made a c c o r d i n g  
t o  S i d g w i c k  (A nn . R e p o r t . 1 9 5 2 .  2 9 . 70) showed t h a t  t h e  
i n t e r f e r e n c e  o f  t h e  h y d r o g e n  a to m  i n  p o s i t i o n  number 9 
w i t h  t h a t  i n  p o s i t i o n  2 * ,  ( w h i c h  i s  sam bas  8 and 2* h y d r o g e n  
a to m s  i n  1 , 1 ’ - b i n a p h t h y l )  a p p e a r e d  t o  be l e s s  t h a n  0 .2 A :  T h i s  
seems a  v e r y  s m a l l  o v e r l a p  f o r  s u c h  h i g h  o p t i c a l  s t a b i l i t y .
T h e i l a c k e r  and Hopp ( B e r . . 1959» 22$ 2 2 9 3 )  r e s o l v e d  
n a p h t h i d i n e .  C a l c u l a t i o n  from t h e  r a t e  o f  r a c é m i s a t i o n  gave  
t h e  h a l f  l i f e  p e r i o d  a s  t h r e e  t o  f o u r  h o u rs  a t  room tem pera­
t u r e  i n  a c e t o n e  and E 2 1 . 4  k c a l . m o l e
A number o f  d i q u i n o l y l  and d i i s o q u i n o l y l s , whose  
s t r u c t u r e  i s  b ased  on 1 , 1 ’- b i n a p h t h y l ,  h a ve  b e e n  o b t a in e d  
i n  t h e i r  o p t i c a l l y  a c t i v e  forms (Crawford and Sm yth ,  1 9 5 2 ,  
4 1 3 3 ;  1 9 5 4 ,  3 4 6 4 )  th e  o v e r l a p p i n g  o f  th e  van d e r  Waals r a d i i  
o f  t h e  i n t e r f e r i n g  hyd ro g en  a tom s a p p e a r s  t o  be l a r g e l y
3»
( X XV' ' '  )
L x x x )
L k x x w i )
r e s p o n s i b l e  f o r  t h e  o p t i c a l  s t a b i l i t y  o f  t h e s e  i s o m e r s ,  t h e  
a p p r o x i m a t e  h a l f  l i f e  p e r i o d s  v a r y  from  2 .5  h o u r s  t o  12  m i n u t e s ,  
e x c e p t  i n  1 , 1 ^ - b i q u i n o l y l  (N i n  2 , 2 * - p o s i t i o n )  w h ich  was  
o b s e r v a b l e  o n l y  a s  a t a r t r a t e  d i s s o l v e d  i n  a q u e o u s  h y d r o c h l o r i c  
a c i d .  T h e r e  a r e  no h y d r o g e n  a t o m s  i n  t h e  b l o c k i n g  p o s i t i o n  2 , 2 *  ^
3 2
b u t  t h e s e  a r e  a t  p r e s e n t  d u r i n g  r e s o l u t i o n  a s  t h e  s u b s t a n c e  
i s  i n  t h e  s a l t  fo rm .  I n  t h e  same w a y  8 , 8 * - d i i s o q u i n o n y l ( N  i n  
8 , 8 * p o s i t i o n )  l a c k s  two h y d r o g e n  a t o m s  i n  t h e  b l o c k i n g  
p o s i t i o n  and h a s  n o t  b e e n  o b t a i n e d  i n  i t s  o p t i c a l l y  a c t i v e  
f o r m s .  In  8 , 8 * - d i l s o q u i n o l y l  (N i n  7 , 7 *  p o s i t i o n ) ,  t h e  
a b s e n c e  o f  a s u b s t i t u e n t  n e x t  t o  t h e  b l o c k i n g  p o s i t i o n  
may a c c o u n t  f o r  a r a t h e r  h i g h  r a t e  o f  r a c é m i s a t i o n  e v e n  i n  
a c i d  s o l u t i o n .  In  and 5 , 5 *  d i q u i n o l y l ^  n i t r o g e n  a t o m s
a r e  n o t  i n  t h e  b l o c k i n g  p o s i t i o n .  T h e s e  compounds a r e  
t h e r e f o r e  c o m p a r a b le  w i t h  b i n a p h t h y l  d e r i v a t i v e s .  The  
h a l f  l i v e s  i n  a c i d  s o l u t i o n  w e r e  found t o  be  2 ,5  and 1 . 3  
h o u r s  r e s p e c t i v e l y .
1 , 1 * - B i n a p h t h y l  i t s e l f  was o b t a i n e d  i n  i t s  o p t i c a l l y
a c t i v e  form  by H a r r i s  and M e l l o r ,  ( Chem. and I n d . . 1 9 6 1 ,
1 0 8 8 ) .  The h a l f  l i f e  a t  50^ was 1 4 . 5  m i n u t e s  and 2  2 2 . 5  k
-1
c a l . m o l e  , s o  i t  w as  c o n c l u d e d  fro m  t h e  a b o v e  e x a m p l e s  
t h a t  t h e  i n t e r f e r e n c e  p r o v i d e d  by  t h e  o v e r l a p  o f  h y d r o g e n  
a t o m s  i s  s u f f i c i e n t  t o  c a u s e  o b s e r v a b l e  o p t i c a l  a c t i v i t y  
and t h e  o p t i c a l  s t a b i l i t y  o f  1 , 1 *- b i n a p h t h y l  -  5 , 5 * -  
d i c a r b o x y l i c  a c i d  was n o t  s u r p r i s i n g .
5 5
Conc l u s i o n s .
I t  may be  s e e n  f r o m  t h e  t a b l e  t h a t  a l l  8-  and 8 , 8 * -  
s u b s t i t u t e d  b i n a p h t h y l s  i n v e s t i g a t e d  p r e v i o u s l y  t o  t h i s  work  
h a v e  A F and S  v a l u e s  v e r y  c l o s e  t o  t h a t  o f  1 , 1 *- b i n a p h t h y l  
i t s e l f ,  t h e  4 , 4 *- d i a m i n o  com pound,  and t h e  5 , 5 * - d i c a r b o x y l i o  
a c i d ,  i . e .  t h e  e n e r g y  b a r r i e r  a l t e r s  v e r y  l i t t l e  when t h e  
two COOH g r o u p s  o r  OOOcH^ o r  0 G0 c 2H^ g r o u p s  a r e  p u t  in #
S u g p:est ed e x o l a n  a t  i o n  o f  l ow o p t i c a l  s t a b i l i t y  
f r o m  Cooke and H a r r i s .  ( ^ ^ 1 9 0 3 ,  2365 - 23 7 3 ) ,
Cooke and H a r r i s  who m ea su red  t h e  r a t e  c o n s t a n t s  
and c a l c u l a t e d  A r r h e n i u s  p a r a m e t e r s  and t h e  t r a n s i t i o n  
s t a t e  t h e o r y  f u n c t i o n s  f o r  a l l  t h e  compounds g i v e n  i n  t a b l e  
I I ,  ( e x c e p t  N o .  8 w h ich  was  m easured  by  T h e i l a c k e r  and H o p p ) ,  
s a i d  t h e  e n t r o p y  f a c t o r s  c o u ld  n o t  e x p l a i n  t h e  u n e x p e c t e d  
l a b i l i t y  o f  8 , 8 *- s u b s t i t u t e d  1 , l * - b i n a p h t h y l s .  As t h e  e n t r o p y  
f a c t o r s  i n  a l l  t h e  compounds g i v e n  i n  t h e  t a b l e  v a r y  o n l y  
t o  a s m a l l  d e g r e e  and n o t  i n  s u c h  a way a s  c o u l d  b e  r e s p o n s i b l e  
f o r  t h e  o r d e r  i n  w hich  t h e  s t a b i l i t i e s  l i e » W h e n  t h e  r a c é m i s a ­
t i o n  o f  t h e  a c i d s  w ere  c a r r i e d  o u t  i n  so d iu m  h y d r o x i d e  
s o l u t i o n ,  t h e  v a l u e s  o f  w e r e  p o s i t i v e  o r  s l i g h t l y  n e g a t i v e .
T h ey  c o n c l u d e d  t h a t  enough e v i d e n c e  e x i s t e d  a s  to  
t h e  p r o b a b i l i t y  o f  m o l e c u l e s  o f  8 , 8 * - s u b s t  i t u t  ed - 1 ,1  * - b i n a ­
p h t h y l s  b e i n g  s  t r a i n e d  and c o n s e q u e n t l y  l e s s  o p t i c a l l y  
s t a b l e  t h a n  would b e  e x p e c t e d .
5 ^
R e a so n s  why P e r l - s u b s t i t u t e d  n a p h t h a l e n e s  t h o u g h t  to  be  
s t r a i n e d .
G ro u nd  8 t a t e  s t r a i n ; -
When t h e  m o l e c u l e  p a s s e s  f r o m  R t o  S c o n f i g u r a t i o n ,  
i f  t h e  g r o u n d  s t a t e  o f  t h e  m o l e c u l e  i s  s t r a i n e d  i . e .  i f  t h e  
m o l e c u l e  i s  a l r e a d y  i n  a  h i g h  e n e r g y  s t a t e ,  t h e  e x p e r i m e n t a l  
e n e r g y  o f  r a c é m i s a t i o n  w i l l  be
^ r a c  ^ ^ s t e r  ^ g s  
W here  ^Qtev  t h e  e n e r g y  d u e  t o  s t r a i n  and  c o m p r e s s i o n
i n  t h e  t r a n s i t i o n  s t a t e ,  and Egg i s  t h e  g r o u n d  s t a t e  e n e r g y
t h e  d i f f e r e n c e  i n  E^g^^ b e t w e e n  8 , 8 *  an d  2 , 2 * - d  i c a r b o x y l i c
a c i d s  m u s t  b e  d u e  t o  t h e  d i f f e r e n c e s  i n  S g t e p  E g g .  S i n c e
t h e  Epg^g i n  a l l  t h e  o p t i c a l l y  l a b i l e  a c i d s  d o e s  n o t  v a r y
” 1
b y  m o re  t h a n  3 k  c a l . m o l e  , t h e  f a c t o r  g r o u n d  s t a t e  s t r a i n  
c o u l d  b e  r e s p o n s i b l e  f o r  t h e  c l o s e n e s s  o f  t h e i r  s t a b i l i t i e s  
a n d  t h e  s t r i k i n g  d i f f e r e n c e  f r o m  2 , 2 * - d i c a r b o x y l i c  a c i d .
As t h e  s t r a i n  e n e r g y  r e q u i r e d  i n  b e n d i n g  t h e  g r o u p  
o u t  o f  t h e  p l a n e  m ak es  i t  e a s y  f o r  t h e  m o l e c u l e  t o  r a c e m i s e ,  
t h e  e n e r g y  b a r r i e r  w i l l  b e  r e d u c e d  b y  t h e  s t r a i n  e n e r g y ,  t h a t  
i s  why t h e  o b s e r v e d  E i s  v e r y  s m a l l .
D e f o r m a t i o n s  w h ic h  m ig h t  a r i s e  a s  a  c o n s e q u e n c e  o f  s t r a i n  
r  l - s u b s  t  i t u t  ed b i n a p h t h y l .
O v e r - c r o w d i n g  s e t s  i n  when t h e  u n p e r t u r b e d  s t r u c t u r e  
would  b r i n g  two c a r b o n  a t o m s  t o  w i t h  i n  3 . 0 ^  A ( H a r n i k ,
3 b
H e r b s t e i n ,  S c h m i d t ,  and H e r s h f i e l d ,  1 9 5 4 »  3 2 8 8 )  and 
when t h e r e  i s  o v e r c r o w d i n g  i t  f i n d s  r e l i e f  p r i n c i p a l l y  by  
an o u t  o f  p l a n e  d i s t o r t i o n ,  w h ich  t e n d s  t o  be s p r e a d  o v e r  
t h e  w h o le  m o l e c u l e  r a t h e r  t h a n  b y  s t r e t c h i n g  o f  p a r t i c u l a r  
bond^ e . g .  R o b e r t s o n ,  M c I n t o s h ,  Vand (N a t u r e . ^  1 9 5 2 ,  l 6 g . 
3 2 2 )  b y  X - r a y  c r y s t a l l o g r a p h y  found a d i s t a n c e  o f  3 . 0  
b e t w e e n  n e a r e s t  non bonded c a r b o b  a to m s  i n  3 : 4 : 5 :6  d i b e n z o -  
p h e n t h r e n e .
Gooke and H a r r i s  c o n c l u d e d  t h a t  l , l * - b i n a p h t h y l - 6 , 8 * -  
d i c a r b o x y l i c  a c i d  and i t s  e s t e r  a r e  o v e r c r o w d e d  m o l e c u l e s ,  
a s  t h e r e  a r e  two G- 6  d i s t a n c e s  o f  and w h ich  c o m p r i s e s
two s e r i o u s  c o m p r e s s i o n s  and a l s o  a s m a l l  CO c o m p r e s s i o n  
w h ic h  f i n d s  r e l i e f  by  an o u t  o f  p l a n e  d i s t o r t i o n  o f  COOH 
g r o u p s #
T h e r e  i s  some e v i d e n c e  o f  o u t  o f  p l a n e  d i s t o r t i o n  i n  
s u b s t i t u t e d  n a p h t h a l e n e s  f o r  e x a m p le  ( a )  D o n a l d s o n  and 
R o b e r t s o n  ( j . ,  1 9 5 3 ,  1 7 )  exam ined  t h ç é r y s t a l  s t r u c t u r e  o f  
o c t a m e t h y l n a p h t h a l e n e  by  X - r a y  a n a l y s i s  and showed t h a t  t h e  
1 and 8 m e t h y l  g r o u p s  a r e  d i p l a c e d  fro m  t h e  mean p la n e  by
o
a b o u t  0 . 7 3  A .  T h i s  c o r r e s p o n d s  t o  t h e  d e v i a t i o n  o f  a b o u t  
28° o f  t h e  0 -GH3 bond from  t h e  mean m o l e c u l a r  p l a n e  and t h e
3G
t h e  ^ - m e t h y l  g r o u p s  a r e  d i s p l a c e d  i n  a n  o p p o s i t e  d i r e c t i o n
o
p r o b a b l y  b e t w e e n  Ow25-(ft/4A .
( b )  D i p o l e  moment e v i d e n c e
T h e r e  i s  a l s o  some e v i d e n c e  f^om d i p o l e  moments o f  
s t e r i c  r e p u l s i o n  b e t w e e n  t h e  s u b s t i t u e n t s  i n  1 ,8  p o s i t i o n s  
i n  n a p h t h a l e n e s .  S v e r a r d  and Sutton ( ^ , 1 9 4 9 ,  2 3 1 2 )  made so m e  
d i p o l e  moment m e a s u r e m e n t s  o f  some m e t h o x y n a p h t h a l e n e s  and  
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The d i p o l e  moment o f  (XXXV), 1 .7 3D ,  i s  r e g a r d e d  a s  
a r i s i n g  from  t h e  f r e e  r o t a t i o n  o f  t h e  m e th o x y  g ro u p  a b o u t  
t h e  G ^ r y l  “  ^ bond g i v i n g  a l l  t h e  c o n f i g u r a t i o n s  from  c i s  t o  
t r a n s  w i t h  e q u a l  p r o b a b i l i t y ,  w h i l e  i n  (XXXVl) t h e  v a l u e  0 . 6 7  
shows t h a t  t h e  f r e e  r o t a t i o n  i s  much r e d u c e d  b e c a u s e  o f  
t h e  r e s o n a n c e  e f f e c t  i n v o l v i n g  t h e  u s e  o f  K bond b e t w e e n  
t h e  o x y g e n  and t h e  r i # q ,  and t h e  s t e r i c  e f f e c t  o f  t h e  p e r i -  
h y d r o g e n  a to m  s o  t h e  m e t h o x y  g r o u p s  l i e  t r a n s  t o  e a c h  o t h e r .
5 7
T h i s  e x p l a n a t i o n  was t e s t e d  b y  m e a s u r i n g  t h e  d i p o l e  
moment o f  (X X X V Il) .  The r e s u l t  o f  2 . 0 9  was fo u n d  t o  be  
l o w e r  t h a n  t h a t  o f  t h e  c a l c u l a t e d  2 . 4 5 .  T h i s  was su p p osed  
t o  i n d i c a t e  t h a t  t h e  g r o u p s  c a n n o t  q u i t e  l i e  i n  c o p l a n a r  
c o n f i g u r a t i o n .
The d i p o l e  moments o f  (XXXVIIl) , 0 . 9 5 ,  and ( XXXIX) ,  
0 .9 3 D ,  w e r e  found t o  b e  g r e a t e r  th a n  t h a t  o f  t h e  p a r e n t  
compounds (XXXYl). S c a l e  d ia g r a m  showed t h a t  t h e r e  i s  
some c o n s i d e r a b l e  i n t e r f e r e n c e  b e tw e e n  t h e  o x y g e n  a tom  and 
th e  c h l o r i n e  a to m , and t h e  r e s u l t i n g  s t r a i n  c a n  b e  r e l i e v e d  
by m ovem ents o f  t h e  s u b s t i t u e n t s  i n  two d i r e c t i o n s - o n e  i n  
t h e  p l a n e  o f  t h e  r i n g  and o n e  o u t  o f  t h e  p l a n e .  The i n - p l a n e  
movement would n o t  a c c o u n t  f o r  t h e  moment o b s e r v e d , b u t  an  
o u t  o f  p l a n e  movement would g i v e n  an u n s y m m e t r ic a l  c o n f ig u r a *  
t i o n  w h ich  would p o s s e s s  a d i p o l e  m om ent. They found  t h e  
o u t  o f  p l a n e  d e f l e c t i o n  to  b e  1 8 ^ ,  and t h e o r e t i c a l  moment 
t o  b e  1 . 0 ,  w h ich  i s  v e r y  n e a r  t o  t h e  o b s e r v e d  v a l u e .
Lkxxmuv)
D iagram  from E v e r a r d  and S u t t o n ^ s  p a p e r .
( KXXV X )
( c )  P a c k e r ,  V a u g b a n ,  and Wong ( J .  A . 0 . 8 .  . 1 9 5 8 ,  8 ^  90 5 )  
m easured t h e  r a t e s  o f  r e a c t i o n  i n  n i t r o b e n z e n e  s o l u t i o n  o f  
m e t h y l  i o d i d e  w i t h  p y r i d i n e ,  q u i n o l i n e ,  i s o q u i n o l i n e ,  
2 - m e t h y l  q u i n o l i n e  and 8 - m e t h y l - q u i n o l i n e  ( o v e r  a r a n g e  
o f  1 0 - 5 0 ^ )  t o  e s t i m a t e  t h e  s t e r i c  s t r a i n  p r e s e n t  i n  t h e  
a c t i v a t e d  c o m p le x  o f  t h e s e  r e a c t i o n s  by  c o m p a r in g  t h e
h e a t s  o f  a c t i v a t i o n .  The r e s u l t s  a r e  g i v e n  i n  t h e  t a b l e : -
B a s e  1 0 ^ k ( a t  30 ° ) l o g  A
- 1
AH k c a l . m o l e k c a l . m o l e
P y r i d i n e  5 0 . 7 0 . 0 0 0 . 0 0 0 . 0 0
i s o q u i n o l i n e  6 9 .0 0 .0 3 - 0 . 1i+ 0 . 0 4
q u i n o l i n e  8 .0 0 0 .0 0 1 .1 1 0 .0 0
2- m e t h y l  " 0 .6 7 7 - 0 . 1 7 2 .3 4 - 0 .2 6
8- m e t h y l  " 0 . 0 0 8 7 7 - 0 .0 6 5 .1 2 - 0 .0 6
4-
The f a c t o r  A H a c c o u n t s f o r  t h e  o b s e r v e d d e c r e a s e
-1
i n  r a t e  and i s  u s e d  a s  a q u a n t i t a t i v e  m ea s u r e  o f  t h e  s t e r i c  
s t r a i n  i n  t h e  t r a n s i t i o n  s t a t e  o f  t h e  r e a c t i o n .  The s t e r i c  
s t r a i n  e n e r g y  i s  5 .1  k c a l . m o l e  i n  8- m e t h y l  q u i n o l i n e  
w here  b o t h  o f  t h e  p e r i - p o s i t i o n s  a r e  i n v o l v e d .
( , X L I  )
i XLIC)
CH3
U l \  )
3 9
F o l l o w i n g  t h e  c a l c u l a t i o n s  o f  Brown ( i J . , 1 9 5 6 ,  1 2 i | 8 ) ,
t h e y  e s t i m a t e d  t h e  s t r a i n  p r e s e n t  i n  t h e  s t r u c t u r e s  c o r r e s ­
p o n d i n g  t o  m e t h y l n a p h t h a l e n e s  m u st  be  e v e n  g r e a t e r .  T h ey
e s t i m a t e d  t h e  s t r a i n  i n  1 , 8- d i m e t h y l n a p h t h a l e n e  t o  b e  7 . 6  
-1k c a l . m o l e  *
( d )  T r o t t e r  (A c t a  Or.vs t . .  i 9 6 0 ,  1 ^ ,  7 3 2  ) s t u d i e d  t h e  
c r y s t a l  s t r u c t u r e  o f  1- n a p h t h o i c  a c i d  and found t h a t  i n  
a d d i t i o n  t o  an o u t  o f  p l a n e  t w i s t i n g  o f  c a r b o x y l  group^  
t h e r e  i s  a s i g n i f i c a n t  i n p l a n e  d i s p l a c e m e n t  o f  t h e  G a r o m a t i c -  
^ G a r b o x y l  bond away from t h e  p e r i - p o s i t i o n .
\>
D ia g r a m  shows t h a t  t h e  d e v i a t i o n  o f  t h e  c a r b o n  a tom  
from t h e  mean p l a n e  i s  n o t  s i g n i f i c a n t  b u t  t h e  o x y g e n  a to m s  
l i e  o n e  a b o v e  and o n e  b e lo w  t h e  a r o m a t i c  p l a n e  a t  a  mean
o
d i s t a n c e  o f  a b o u t  0 . 2 0  A ,  and t h e  c a r b o n y l  group i s  t w i s t e d  
a b o u t  t h e  6 a r o m a t i c - 6a r b o x y l  b o n d ,  t h e  a n g l e  b e t w e e n  t h e  
a r o m a t i c  and c o r b o n y l  p l a n e  b e i n g  11^; t h e  s t r a i n  i n T c o p l a n a r  
model h o w e v e r  i s  p a r t i a l l y  r e l i e v e d  b y  t h e s e  d e v i a t i o n s  from  
c o p l a n a r i t y  and p a r t l y  b y  i n  p l a n e  d e v i a t i o n s .  H owever t h i s  
m o l e c u l e  h a s  no 8- s u b s t i t u e n t ,  i f  t h e r e  was an  8- s u b s t i t u e n t ,  
i t  would p r o b a b l y  f o r c e  t h e  -  COOH group o u t  o f  t h e  p l a n e .
k-ù
( e )  F e r g u s o n  and Sim ( jKcta. O r y s t a , . I 96I ,  1 2 6 2 )  s t u d i e d  




The C l 0 ^ ( 2 . 8 9 2 A ° )  and G l ----------Gl  ( 3 . 2 1 7  A'*)
i n t r a m o l e c u l a r  s e p a r a t i o n s  a r e  a p p r e c i a b l y  s h o r t e r  t h a n  t h e  
sum o f  t h e  Van d e r  W a a ls  r a d i i  ( 3 . 2 0 A  and 3 » 40A^) r e s p e c t i v e l y .  
The m o l e c u l e  may t h e r e f o r e  by  e x p e c t e d  t o  b e  s u b j e c t  t o  
same s t r a i n .
The d i s p l a c e m e n t s  o f  th e  a tom s and Gl from  th e
b e n z e n e  p l a n e  a r e  - 0 * 0 5 8 ' ^  and + O .036A*' r e s p e c t i v e l y
c o r r e s p o n d s  t o  t h e  G-Cl bond and t h e  e x o c y c l i c  c - c  bond
b e n d i n g  i n  t h e  o p p o s i t e  d i r e c t i o n s  o u t  o f  t h e  main p l a n e  o f
t h e  b e n z e n e  r i n g  t h r o u g h  an a n g l e  o f  1 . 2*^ and 2 . 2  ^ r e s p e c t i v e l y ,
The c a r b o x y l  group i s  r o t a t e d  a b o u t  t h e  e x o c y c l i c  6 -6 '
b o n d , t h e  a n g l e  b e tw e e n  t h e  p l a n e  ot t h e  c a r b o x y l  grou p  and
o
t h e  a r o m a t i c  r i n g  i s  1 3 .7  ,  and t h e r e  i s  s i g n i f i c a n t  i n  p l a n e  
d i s p l a c e m e n t  o f  6 - 6 1  and e x o c y c l i c  C-C b o n d s  away from  e a c h
k i
o t h e r  s o  t h a t  t h e  two o f  t h e  e x o c y c l i c  v a l e n c y  a n g l e s  a r e  
i n c r e a s e d  fro m  t h e  norm al  v a l u e  o f  120® t o  1 2 2 .5 ®  and 12k»l^  
w h i l e  t h e  a d j a c e n t  a n g l e s  a r e  d e c r e a s e d  t o  117^ and l l 6 . 3^.  
which must a l s o  c o n t r i b u t e  t o w a r d s  r e l i e v i n g  t h e  s t r a i n .
The e x o c y c l i c  bond l e a d i n g  to  t h e  c a r b o x y l
group i s  1 . 521A‘' i n  l e n g t h  whih  i s  l a r g e r  th an  t h e  s t a n d a r d  
s i n g l e  bond d i s t a n c e  b e t w e e n  c a r b o n  a t o m s ,  1 .U 7 9  (Dewar and 
S c h r a e l s i n g ,  Ae£a  crŸ=StcL. ( 1 9 5 9 )  and found to  b e  v e r y  c l o s e  
t o  t h e  l e n g t h  o f  t h e  c e n t r a l  bond i n  o x a l i c  a c i d  d i h y d r a t e ,  
1 .5 3 A  ( S h r i v a s t a v a  and Sp eak m an, A c t a . G r y s t . . i 960 ) .  T h i s  
i s  b e c a u s e  t h e  n e r i - b o n d  i n  t h e  l a t t e r  m o l e c u l e  i s  l o n g e r  
t h a n  m ig h t  b e  e x p e c t e d  and h a s  b e e n  a t t r i b u t e d  t o  r e p u l s i o n  
b e t w e e n  o v e r c r o w d e d  h y d r o g e n  a to m s  and t h e  c i s - i n t e r e c t i o n  
o f  C-C  b o n d s .  The l e n g t h  o f  t h e  e x o c y c l i c  6 -C bond i n  o -  
c h l o r o b e n z o i c  a c i d  i s  p r o b a b l y  r e l a t e d  t o  t h e  i n t e r m o l e c u l a r  
o v e r c r o w d i n g .
F e r g u s o n  and Sim  ( A c t a .  G r y s t ; ; . . 1 9 6 2 , 346 ) a l s o  s t u d i e d  
t h e  c r y s t a l  s t r u c t u r e  o f  0 - b r o m o b e n z o i c  a c i d  and found t h a t  
t h e  c a r b o x y l  group  i s  r o t a t e d  a b o u t  t h e  e x o c y c l i c  C- 6  bond 
18 . 3® o u t  o f  t h e  p l a n e  o f  t h e  b e n z e n e  r i n g ,  t h e  e x o c y l i c  
s u b s t i t u e n t s  a r e  d e f l e c t e d  i n  o p p o s i t e  d i r e c t i o n s  o u t  o f  t h e  
a r o m a t i c  p l a n e ,  t h e  b ro m in e  a to m  by + 0 . 064A^  ^ and t h e  e x o c y c l i c  
carbon a tom  b y  -0 .0 5 7 A ®  and t h e  e x o c y c l i c  G-G and G-Br 
bonds a r e  d i s p l a c e d  s i d e w a y s  so  t h a t  t h e  n orm al  v a l e n c y  a n g l e s
^2.
o f  120  ^ a r e  i n c r e a s e d  t o  1 2 3 .4  and 124 . 9  ^ r e s p e c t i v e l y .
T h e se  e f f e c t s  a r e  v e r y  s i m i l a r  t o  th o u g h  l a r g e r  
th a n  t h o s e  o f  6 - c h l o r o b e n z o i c  a c i d .
O p t i c a l l y  l a b i l e  o v e r c c r o wded c o mpounds.
T h e r e  i s  some e v i d e n c e  t h a t  t h e  o p t i c a l l y  a c t i v e  
compounds which  owe t h e i r  a sy m m etry  t o  i n i e c u l a r  o v e r c r o w d i n g  
a r e  o p t i c a l l y  more l a b i l e  th a n  would be  e x p e c t e d .  A l t h o u g h  
t h e  A r r h e n i u s  p a r a m e t e r s  and o t h e r  r a c é m i s a t i o n  d a t a  a r e  n o t  
y e t  a v a i l a b l e  f o r  su ch  com pounds ,  b u t  s e v e r a l  i n s t a n c e s  o f  
o p t i c a l  u n s t a b i l i t y  h a v e  b e e n  r e p o r t e d .  F or  e x a m p le  4 , 5 , 8 -  
t r i m e t h y l - l - p h e n a n t h r y l - a c e t i c a c i d  (X L V Il)  was p r e p a r e d  
and r e s o l v e d  b y  Newman and H u s s e y  f J . A . C . 8 . . 1 9 4 7 ,  6 9 .  3 0 2 3 ) .  
B o th  t h e  s a l t  and t h e  a c i d  r a c e m i s e d  f a i r l y  e a s i l y  i n  s o l u t i o n
i n  s o l u ’t i o n  a t  room te z n p e r a t u r e
A n o t h e r  w e l l  known e x a m p le  i s  o f  3 , 4 : 5 , 6 - d i b e n z p h e n a n ‘ 
t h r e n e - 9 ’, 1 0 - d i c a r b o x y l i o  a c i d  ( X L V I I l )  ( B e l l  and W aring,;^.  ,  
1 9 4 9 ,  2689 ) .  The m o r p h in e  s a l t  was found t o  e x h i b i t  r a p id  
m u t a r o t a t i o n  i n  s o l u t i o n  and t h e  a c i d  r e c o v e r e d  fro m  t h e  
a l k a l o i d a l  s a l t  was o p t i c a l l y  i n a c t i v e .  Whereas ( + ) - 9 , 1 0 -  
d i h y d r o - 3 : 4 , 5 : 6 , - d i b e n z o p h e n a n t h r e n e  (XLIX) i n  w h ich  t h e
o v e r c r o w d i n g  i s  r e l i e v e d  by  t w i s t i n g  i s  o p t i c a l l y  s t a b l e  
( H a l l  and T u r n e r ,  , 1 9 5 5 ,  1 2 4 2 ) .  The compound r a c e m i s e d  
v e r y  a b w ly  i n  benzene  a t  100® i n  a s e a l e d  tu b e *
A n o t h e r  com pound, 1 , 8 - d i a m i n o - 4 , 5 - d i m e t h y l b e n z o c i n n o l i n e  
( L ) , was p r e p a r e d  and r e s o l v e d  by  T h e i l a c k e r  and Baxraann 
(Ann* . 1 9 5 3 ,  5 8 1 .  1 1 7 )  w h ic h  r a c e m i s e d  v e r y  q u i c k l y  i n  b o i l i n g  
m e t h y l  a l c o h o l .
''A - M
A number o f  3 , 4 , 5  , 6- ^ i b e n z a n t h r e n e  l i k e  ( L l )  h a v e  
been p r e p a r e d  by  B e l l  and W a r in g  R =* OH^ (J* . 1 9 4 9 .  2 6 8 9 )  
and by  Craw ford  R=»Br. ( j *  .  1 9 5 9 ,  2 8 0 7 ) .  R = OGHj 
3 3 1 3 ) .  A l l  t h e s e  compounds a r e  o v e rc ro w d ed  and r a c e m i s e  more  
e a s i l y  t h a n  would be  e x p e c t e d .
Hs t r a i ned C o n f o r m a t i o n s  o f  8 , 8 ' .Su b s t i t u t e d 1 . 1 ' - B i n a p h th y l .
»
P o s s i b i l i t y  o f  m eso ld t r a n s i t i o n  s t a t e .
(C ooke  and H a r r i s ,  J ^ ,  1 9 6 3 ,  2 3 6 5 - 2 3 7 3 )
A p e r l - s u b s t l t u t e d  n a p h t h a l e n e  u n i t  w i t h  I t s  1 and 8 
bon ds  d i r e c t e d  o u t  o f  t h e  main p l a n e  i n  o p p o s i t e  d i r e c t i o n  
can e x i s t  i n t o  two d i a s ^ e r e o i s o m e r i c  c o n f o r m a t i o n s  (d)  and ( l )
When two o f  t h e s e  de form ed  u n i t s  a r e  c o m b i n e d ,  t h e r e  
r e s u l t  t h r e e  p o s s i b l e  s t r u c t u r e s ,  ( d ) C ( d ) ,  ( l ) ( l ) ,  and (d% C(l)#  
Each o f  t h e s e  s t r u c t u r e s  by  r o t a t i o n  a b o u t  1 , 1 * -  bond can  
e x i s t  i n  i t s  and S c o n f i g u r a t i o n ;  t h e  p a s s a g e  from  R -  
t o  t h e  S -  c o n f i g u r a t i o n  w i l l  b e  by  t h e  " t r a n s ” r o u t e ,  8-CÔ0H 




t h e  8 , 8 * - c a r b o x y  
I n  1 , 1  * - b i n a p h t h y l - 8 , 8 * - d i c a r b o x y l i o  a c i ^ g r o u p s  a r e
b e n t  o u t  o f  t h e  mean p l a n e  and  s u c h  o u t  o f  p l a n e  b e n d i n g  TOuld
make i t  e a s i e r  f o r  t h e  8 , 8 *  c a r b o x y l  g r o u p s  t o  p a s s  t b f o u # i
t h e  r e l e v a n t  h y d r o g e n  a t o m s  a nd  a l s o  would  l o w e r  t h e  e n e r g y
b a r r i e r  to r a c é m i s a t i o n  b y  a  am o u n t  e q u a l  t o  t h e  e n e r g y  i n
t h e  g r o u n d  s t a t e *  I n  t h e  2 , 2 * - a c i d ,  t h e r e  i s  no  a p p r e c i a b l e
g ro u n d  s t a t e  s t r a i n ,  a s  t h e  c a r b o n  a t o m  o f  the^COOH g r o u p  i s
2*9  A d i s t a n t  f r o m  t h e  1* c a r b o n  a t o m  t h e  e n e r g y  b a r r i e r  t o
r a c é m i s a t i o n  w i l l  b e  v e r y  h i g h *
Gooke and H a r r i s  s u g g e s t e d  t h a t  t h e  l o w e r  l i m i t  f o r  t h e
ground s t a t e  s t r a i n  e n e r g y  i n  1 , 1 * - b i n a p h t h y l - 8 , 8 *- d i c a r b o x y l i c
-1a c i d  i s  a b o u t  15 k  c a l . m o l e  ,  on t h e  b a s i s  o f  t h e  work o f  
P a c k e r ,  V a u g h a n ,  and Wong ( J ,  A . 0 . 8 .  .  1 9 5 8 ,  80* 9 0 5 ) .
Lf6
M esold  a n d  Racemoid T r a n s i t i o n P a t h s .
When t h e r e  i s  o u t  o f  p l a n e  b e n d i n g  o f  G-OODH b o n d ,  
i n v e r s i o n  R^S by  ** tracn s ‘^  r o u t e  must go t h r o u g h  o n e  o f  
t h e  t h r e e  t r a n s  t r a n s i t i o n  p a t h s *  Two o f  them  a r e
'TVcxrxS Q^\  ^ ^ S I In ^
R (^-dd)^S(dd) o r  R ( l l ) ^ S ( l l ) ,  t h e  r a c e m o id  o n e s  w h ic h  a r e  
t h e  m i r r o r  i m a g e s  o f  e a c h  o t h e r  and h a v e  e q u a l  e n e r g y  b a r r i e r s ,  
i n  e a c h  o f  them  8-COOH p a s s e s  2*-H a t  t h e  same t i m e  a s  8 * -  
OOGH p a s s e s  2-H* T h er e  i s  a s i n g l e  h i g h  e n e r g y  b a r r i e r  and  
t h e  t r a n s i t i o n  s t a t e  s t i l l  r e t a i n s  a s y m m e t r y .  The t h i r d  o n e  
i s  R ( d l ) ^ S ( d l ) ,  t h e  m eso i d  r o u t e  t h e  8-OOOH d o e s  n o t  
p a s s  2 ’ -H a t  t h e  same t i m e  a s  8 *-OOOH p a s s e s  2 - H ,  b u t  o n e  
a f t e r  a n o t h e r *  B e tw e e n  t h e  two e n e r g y  b a r r i e r s  l i e s  an  
e n e r g y  o f  minimum r e p r e s e n t i n g  an i n t e r m e d i a t e  s t a t e  t h e  
c o n f i g u r a t i o n  o f  vA ich  i s  n e i t h e r  R n o r  S ,  n o r  i t  i s  f l a t . .
^ 7
i t  h a s  a c e n t r e  o f  sy m m etry .  As l e s s  e n e r g y  w i l l  be  r e q u i r e d  
f o r  a m e s o id  i n v e r s i o n ,  t h i s  w i l l  b e  t h e  p a t h  u s e d .
E (a d )   ^ R ( a i )    -V E ( l l )^------
3 ( a a )  - — > 3 ( d i )  8 ( 1 1 )
C o n f i g u r a t i o n a l  i n v e r s i o n  i n  t h e  kacem oid  m o l e c u l e .
o
K "TtovrvS'V \û n  S Y 
Oi
I n  4 -e  V rn  e c 4 v a .\ç
C4- 1
S
C o n f i g u r a t i o n a l  i n v e r s i o n  i n  t h e  m e s o id  m o l e c u l e .
(-)
R
V \O r v  ^ V ol\ $
O v
X n-V e  r  ■rrv cV V O.'V-Ç^
( -  )
R e a s o n _ f o r  uncler takinp; th e  p r e s e n t  work.
The r e a s o n  f o r  u n d e r t a k i n g  t h e  p r e s e n t  w o r k  i s  
t h a t  o n l y  COOH, CÔOGH^, ,  g r o u p s  h a v e  b e e n  t r i e d  i n






We wanted t o  t r y  some more " t h r e e  d i m e n s i o n a l  g r o u p s " ,  
w h ich  would p r e s e n t  l a r g e r  a n g u l a r  b l o c k i n g  a r e a  t o  p a s s i n g .  




%C e j  ol\dov>-€.
D u r i n g  t h e  s y n t h e t i c  w ork  v a r i o u s  o t h e r  i n t e r e s t i n g  
compounds w ere  i n d i c a t e d  and t h e i r  s y n t h e s e s  f o l l o w e d  u p .
Lm
D i s c u s s i on o f  th e  p r e s e n t  r e s u l t s
The f o l l o w i n g  8 , 8 *- d e r i v a t i v e s  o f  1 , 1 ’ - b i n a p h t h y l s  
h a v e  b e e n  p r e p a r e d .  The s t a r t i n g  m a t e r i a l  was o p t i c a l l y  
a c t i v e  1 , 1 ’- b i n a p h t h y l - 8 , 8 ’ - d i c a r b o x y l i c  a c i d  and t h e  schem e  
f o l l o w e d  i s  shown b e lo w  ( r o t a t i o n s  i n  N ^ N ^ d im eth y l  forraamide)  
d e t a i l s  a r e  p r e s e n t e d  i n  t h e  e x p e r i m e n t a l  s e c t i o n .
Ç_HûH\4 6 c\A-6 0C. CbôH




The l , l * - * b i n a p h t h y l - 8 , 8 ^ - d i c a r b o x y l i c  a c i d  was  
f i r s t  p r e p a r e d  o p t i c a l l y  a c t i v e  a l m o s t  s i m u l t a n e o u s l y  by  
S t a n l e y  ( J . A . C . S . . 1 9 S 1 .  5 5 ,  5 1 0 4 ) ,  O o r b e l l i n i .  ( M i l  Accad  
L i n c e i , . 1 9 5 1 ,  1 5 .  7 0 2 )  and M e i s e n h e i m e r  and B e i s s w e n g e r  
( B a r . . 1 .  1 9 5 2 , 6 ^ ,  3 2 ) ,  and i t s  A r r h e n i u s  p a r a m e t e r s  and t h e  
t r a n s i t i o n  s t a t e  t h e o r y  f u n c t i o n s  f o r  r a c é m i s a t i o n  w e r e  
d e t e r m i n e d  by  Gooke and H a r r i s  1 9 ^ 3 ,  2 3 6 5 ) ,  The d i m e t h y l
e s t e r  was a l s o  p r e p a r e d \ n i  i t s  o p t i c a l l y  a c t i v e  form b y  them  
(Cooke and H a r r i s ) ,  and t h e  A r r h e n i u s  p a r a m e t e r s  and t r a n s i t i o n  
s t a t e  t h e o r y  f u n c t i o n s  w e r e  a l s o  c a l c u l a t e d  by  them .
How a l l  t h e  co i ipounds  h a v e  b e e n  o b t a i n e d  i n  t h e i r  
o p t i c a l l y  a c t i v e  f o r m s  and t h e  r a t e  o f  r a c é m i s a t i o n  o f  
( I I I ) ,  ( V ) ,  ( V I I I )  and ( IX )  h a v e  b e e n  m easured  i n  N ,N -  
d i m e t h y l f o r m a m i d e  a t  s e v e r a l  t e m p e r a t u r e s ,  c o v e r i n g  t h e  
r a n g e  o f  a b o u t  3 0 - 4 0 ^  i n  ea ch  c a s e .  F i r s t  o r d e r  k i n e t i c s  
was o b s e r v e d  f o r  a l l  r a t e  m e a s u r e m e n ts  and A r r h e n i u s  p a r a m e t e r s  
and t r a n s i t i o n  s t a t e  t h e o r y  f u n c t i o n  w e r e  c a l c u l a t e d .  The  
r e s u l t s  a r e  g i v e n  i n  t h e  t a b l e  ( P a g e  5i  ) .
A t t e m p t s  f o r  t h e  r a c é m i s a t i o n  o f  8 , 8 * - b i s - ( b r o m o -  
m e t h y l ) - l , l * - b i n a p h t h y l  (iv) and 8 , 8 ’ b i s - ( m e t h y l e n e  q u i n o -  
l i n i u m  b r o m id e  1 , 1 ’- b i n a p h t h y l  ( V l )  f a i l e d  b e c a u s e  o f  t h e  
d e c o m p o s i t i o n  in  N , H - d i m e t h y  1 - f o im a m id e .  The coinpound 
( V I l )  was found t o  be  so  o p t i c a l l y  s t a b l e  t h a t  i t  d i d  n o t  
r a c e m i s e  when h e a t e d  a t  130^ f o r  two h o u r s ,  b u t  t h e  r o t a ­
t i o n  i n c r e a s e d  i n  t h e  o p p o s i t e  d i r e c t i o n .  However  t h i s  
c o u l d  n o t  b e  r a c é m i s a t i o n ; t h e  r e a s o n  i s  n o t  y e t  u n d e r s t o o d .
3ÇQ
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^ 9 ^  f
The v a l u e s  o f  log^^A,AS,AH a n d AF g i v e n  i n  t h e  t a b l e  
a r e  t h e  a v e r a g e s  t a k e n  o v e r  t h e  w h o le  r a n g e  o f  t e m p e r a t u r e .
The A r r h e n i u s  p a r a m e t e r s  E and log^Q Â , and t h e  t r a n s i t i o n  
s t a t e  t h e o r y  f u n c t i o n s  h a v e  b e e n  u s e d  t o  d e s c r i b e  t h e  
o p t i c a l  s t a b i l i t y  o f  e a c h  compound, and a l s o  t h e  h a l f  l i f e  
p e r i o d  w h ic h  i s  a d i r e c t  m ea su re  o f  o p t i c a l  s t a b i l i t y  o f  
a n y  compound a t  g i v e n  t e m p e r a t u r e .
I f  we e x a m in e  t h e  v a l u e s  o f  S f o r  8 , 8 ’ - b i s ( h y d r o x y m e t h y l )  
1 , l ’ - b i n a p h t h y l  ( 29 . 2 ) ,  8 , 8 ’ -d  i m e t h y l - 1 , 1 ’ - b i n a p h t h y l ( 27#6 ) 
and 8^ m e t h o x y c a r b o n y l - 8 ’ - h y d r o x y m e t h y l - 1 , 1 ’ - b i n a p h t h y l  ( 25 . 8 ) ,  
A l l  a r e  found t o  be  much h i g h e r  t h a n  t h o s e  o f  1 , 1 ’ - b i n a p h t h y l -  
8 , 8 ’ - d i c a r b o x y l i c  a c i d  and i t s d i m e t h y l  e s t e r  ( 2 2 . 0 ) .  T h i s  i s  
what would be e x p e c t e d ,  a s  t h e  GH2CH and GH  ^ g r o u p s  a r e
“t h r e e  d i m e n s i o n s  1 “ g r o u p s  and p r e s e n t  a l a r g e r  a n g u l a r  b l o c k ­
i n g  a r e a  t o  p a s s i n g  t h a n  t h e  c a r b o x y l  and t h e  e s t e r  g r o u p s ,  
w h ic h  a r e  a l l  “f l a t ” g r o u p s  and h e n c e  p r e s e n t  s m l l e r  
b l o c k i n g  a r e a  t o  p a s s i n g .
I t  ca n  b e  s e e n  from  t h e  f o l l o w i n g  e x a m p l e s ,  a s
t h e y  a p p e a r  from  t h e  h a l f  l i f e  p e r i o d s ,  t h a t  t h e  c a p a c i t y
o f  o r t h o  s u b s t i t u e n t s  t o  i n t e r f e r e  w i t h  t h e  p l a n a r  t r a n s i ­
t i o n  s t a t e  i n  b i p h e n y l  would be i n  t h e  o r d e r  o f : -
Br y  GHj y  Nôg 008B A  OOH
3
*3 D
(Adam and Yuan,  G hem. R e v i e w s .  , 1 9 3 3 ,  1 2 .  3 0 0 )
Ht
V A ^ A = /  V / ~ V -
C00V\ % g î4<?.
S u b s t i t u e n t s  i n  2 ’ - n i t r o -  
- 6 - c a r b o x y l  b i p h e n y l  S o l v e n t
t g  i n  
m i n s . tem p .
2 -  CH^ A c e t i c  a c i d 179 118°
2 -  NO2 if 125 116°
2 -  COOH if 91 118°
2 -  OOH:z » 25 25°
R a c é m i s a t i o n  t e s t s  i n  o t h e r  s o l v e n t s  p r a c t i c a l l y  
showed t h e  sam e o r d e r .
T h ere  i s  some s p e c t r o s c o p i c  e v i d e n c e  f o r  t h e  s t e r i o  
e f f e c t  o f t m e t h y l  group (O .ÎS h a u gn n essy  and Rod e b u s b ,  J . A . G . S .  .
19U0 ,  62 j  2906 ) .
A g r e a t  e f f e c t  i n  t h e  a b s o r p t i o n  i s  t o  be  a n t i c i p a t e d  
f rom  o r t h o  s u b s t i t u e n t s  w h ic h  i n t e r f e r e  w i t h  t h e  r o t a t i o n  o f  
t h e  two r i n g s  i n  b i p h e n y l .  I f  t h e  i n t e r f e r e n c e  i s  s l i g h t  t h e  
two r i n g s  way s t i l l  r e t a i n  c o p l a n a r i t y ,  s i n c e  t h i s  g i v e s  a  
s t a t e  o f  lo w  e n e r g y ,  b u t  c o n s i d e r a b l e  i n t e r f e r e n c e  may t u r n  
t h e  r i n g  o u t  o f  c o p l a n a r i t y  and p r e v e n t  c o n j u g a t i o n  b e t w e e n  
t h e  two r i n g s  and t h u s  g r e a t l y  r e d u c e  t h e  a b s o r p t i o n .
Hf ‘ Gi I
I n  f i g .  I  f t h e  c u r v e  A staows t h e  a b s o r p t i o n  
c u r v e  f o r  ? , 1 ^ - b i p h e n y l ,  and t h e  c u r v e  B shows t h e  a b s o r p t i o n  
f o r  2 , 2  ^ -d ime t h y l o b i p h  e n y l . I t  shows a l a r g e  r e d u c t i o n  i n  
t h e  amount o f  a b s o r p t i o n .  I t  was e x p l a i n e d  t h a t  t h e  m e t h y l  
g r o u p s  i n t e r f e r e  w i t h  t h e  h y d r o g e n  t o  su c h  an  e x t e n t  a s  to  
tu r n  t h e  two r i n g s  w e l l  ou t  o f  p l a n e  and d e s t r o y  a l l  
r e s o n a n c e  b e t w e e n  them .
P i g  %  ^ where  a p l o t  o f  va n  d e r  Waal^ r a d i i
o f  th e  o r t h o  groups shows c o n s i d e r a b l e  o v e r l a p  when t h e  
b e n z e n e  r i n g s  a r e  c o p l a n a r .
w
6 b
v a l u e s d u e  t o  P a u l i n g  ( 1 9 4 0 ) .  The M ature  o f  t h e  d h e m ic a l
i
Bond C o r n e l l  U n i v e r s i t y  P r e s s  ( P r o g r e s s  i n  s t e r e o c h e m i s t r y  
V o l .  I  P . 3 6 1 .  Append i x ) .
V en d er  W aal*s  r a d i i  o f  a to m s bond l e n g t h
H i . z f  ' 0-H 1 . 0 9
0 1 .4 ^ C-OH 1.45




C-CO0H 2.QA C-Br 1.86
H e w l e t t  ( j , . i 9 6 0 . 1055 ) s a i d  t h a t  t h e  d i p o l a r  
s t u d i e s  on s t e r i c  i n h i b i t i o n  o f  m eso m e r is m ,  ( S m i t h ,  ^ , 195 7#  
4050 ) i n d i c a t e  t h a t  t h e  m e t h y l  group  i s  on t h e  a v e r a g e  s t e r i -  
c a l l y  e q u i v a l e n t  t o  b r o m i n e .  H owever two m e t h y l  group h a v e  
n o t  y e t  b e e n  shown t o  be  c a p a b l e  o f  c a u s i n g  o b s e r v a b l e  
o p t i c a l  a c t i v i t y  i n  t h e  b i p h e n y l  s e r i e s  u n t i l  b u t t r e s s e d .
PowGweather (Ac t a . . c r y s t f t . . 1 9 5 2 ,  ^  SftO) 
s t u d i e d  t h e  c r y s t a l  s t r u c t u r e  o f  n w t o l i d i n e  and found t h a t
l-J M 2 //
MH:
t h e  mean d i s p l a c e m e n t s  o f  t h e  a tom s  from  t h e  mean p l a n e  o f
0
two p h e n y l  r i n g  b e i n g  o .-o3A, t h e  a n g l e  b e t w e e n  t h e  mean p l a n e
o f  two p h en y l r in g s  i s  86^ which makes th e  m eth y l-m eth y l
s e p a r a t i o n  3 . 86a ^ .  T h i s  i s  i n  r e a s o n a b l e  a g r e e m e n t  w i t h
P a u l i n g s  ( T h e  N a t u r e  o f  t h e  C h e m ic a l  Bond C o r n e l l  U n i v e r s i t y
P r e s s  1 9 4 o ) v a l u e  o f  a b o u t  4 . 0  A i n  m - t o l i d i n e  h y d r o c h l o r i d e ,
o
w here  t h e  two r i n g s  a r e  i n c l i n e d  a t  an  a n g l e  o f  7 0 . 6  .
When t h e  GÔOH and GOOOH  ^ g r o u p s  i n  t h e  b l o c k i n g  
p o s i t i o n  w e re  compared t h e  s t a b i l i t y  was found t o  b e  o f  
t h e  same o r d e r ,  a s  can  be s e e n  from  t h e  work  o f  G r a y b i l l  
and L e f f l e r  ( j .  P h y s . G h e m . . 1 9 5 9 ,  6 5 .  I 4 6 l ) ,  who worked on  
2 , 2 * - d i m e t h o x y - 6 , 6 * - d i c a r b o x y d i p h e n y l  and d e r i v a t i v e s  t o  
s e e  t h e  s o l v e n t  e f f e c t s  i n  t h e  r a c é m i s a t i o n .  T h ey  d e t e r m i n e d  
t h e  r a t e s  and t h e  A r r h e n i u s  p a r a m e t e r s  f o r  r a c é m i s a t i o n  i n  
24 s o l v e n t s  f o r  t h e  a c i d  ,  and i n  23 s o l v e n t s  f o r  t h e  c o r r e s ­
p o n d i n g  d i r a e t h y l e s t e r , some o f  t h e  r e s u l t s  a r e  g i v e n  b e l o w ,
2 , 2 *- d im e t h o x y - 6 ,6  *- d  i c a  r b o x y b i p h e n y l .
-T 5  “ 1 ^
S o l v e n t K x lp  -------
100°
S e c
7 9 . 4 °
A H  - 1  
Kcal,. m o l e à t e M
D i m e t h y l f o r m a m id e  138 1 . 8 1 2 5 . 1 2 - 1 3 . 9 1
E t h a n o l 1 5 . 0 2 ,1 8 2 3 .8 8 - 1 7 . 0 6
M eth a n o l 1 6 . 5 5 2 . 5 5 2 3 . 2 4 - 1 8 .5 8
A c e t i c  a c i d l 6 .0 2 .2 1 2 4 . 4 1 - 1 5 . 5 1
t . b u t y l a l c o h o l 5 . 9 3 0 . 7 0 9 2 6 .3 1 - 1 2 . 3 7
N,N^d i r a e t h y l e t h a n o l O .  91
cimm€
A c e t o n e  ■ 1 5 .4
1 .5 2
2 . 0 3
22 .14-
2 5 . 0 7
- 2 7 . 2 9  
- 1 3 .8 1
E t h y l e n e g l y c o l 1 3 . 6 1 .7 8 2 5 . 1 4 - 1 3 . 8 7
P y r i d i n e 8 . 4 3 1 . 1 5 2 4 .6 6 - l 6 , 11
' ^   ^ . u .  57
The s o l v e n t s  e f f e c t s  a r e  q u i t e  c o m p l i c a t e d  i n  a c i d  
t h e  e n t h a l p y  and e n t r o p y  a r e  r o u g h l y  c o - r e l a t e d  w i t h  e a c h
o t h e r .  T h e i s n g e  i n  r a t e  c o n s t -  i s  a f a c t o r  o f  f o u r ,  w h i l e
 ^ k -1
A  H andAS v a r y  by  3 * 3 « a l  ^mole . and 8 a r e s p e c t i v e l y .
T h e r e  i s  some t e n d e n c y  f o r  t h e  r e a c t i o n  t o  be f a s t e r  i n  
t h e  more p o l a r  s o l v e n t s .
D i m e t h y l - 2 , 2 *- d i c a r b o x y - 6 ,6  *- d i c a r b o x y l a t e »
-6  —1 ^
k X 10 — s e c .  a H
S o l v e n t 100° 79. 4°
— X
k c a l .  m o le
t-
A S ,  0
D i m e t h y l  form am ide 15.6 2 ,19 24.25 - 1 6 ,0
E t h a n o l 14.0 1.95 24.41 -1 5 .7 6
M e th a n o l 1 3 .7 1 .94 24.12 -1 6 .5 8
A c e t i c  a c i d 13.5 1 .91 24.26 -1 6 .2 4
t - b u t y l a l c o h o l 1 3 .7 2 .07 23.32 - 18 .73
A c e t o n e 14.2 2 .00 24.21 -1 6 .2 3
e t h y l e n e g l y c o l 1 2 .9 1 .81 24.3 -1 6 .2 3
P y r i d i n e 11.5 1 .6 o 24.35 -1 6 .3 1
The e s t e r  i s  l e s s  i n f l u e n c e d  by  c h a n g e  o f  s o l v e n t
t h a n  t h e  a c i d  e ^ .  t h e  r a t e s  v a r y  by  a b o u t  a f a c t o r  o f  2 and
-1
t h e  e n t h a l p y  and e n t r o p y  h a v e  r a n g e s  o f  2 .1  k  c a l / m o l e  and
4 .4  e . U  t h e  h i g h e r  e n t h a l p i e s  o f  a c t i v a t i o n  t e n d  t o  b e  
a s s o c i a t e d  w i t h  l e s s  n e g a t i v e  e n t r o p y  f a c t o r .
The s o l v e n t s  m e t h a n o l ,  a c e t i c  a c i d ,  a c e t o n e ,  e t h e r  
and d i m e t h y l  form am ide  g i v e  p o i n t s  on t h e  i s o k i n e t i c  l i n e
6^
f o r  b o t h  t h e  e s t e r  and t h e  a c i d  o f  t h e s e  f i v e  t h e  d i m e t h y l  
form am ide  g i v e s  t h e  s l o w e s t  r e a c t i o n  f o r  t h e  a c i d  and f a s t e s t  
f o r  t h e  e s t e r ,  w h i l e  m e t h a n o l  i s  f a s t e s t  f o r  a c i d  and s l o w e s - t  
f o r  e s t e r  i . e .  t h e  r a c é m i s a t i o n  o f  t h e  a c i d  i s  s l o w e s t  i n  
t h e  s o l v e n t s  w h ic h  a r e  h y d r o g e n  bond a c c e p t o r s  and t h e  
r a c é m i s a t i o n  o f  e s t e r  i s  s l o w e s t  i n  t h e  s o l v e n t s  w n ich  a r e  
h y d r o g e n  bond d o n o r s .  I t  was s u g g e s t e d  t h a t  t h e  h y d r o g e n  bond 
b e t w e e n  t h e  ground s t a t e  o f  b i p h e n y l s  and s o l v e n t  may be  a n  
i m p o r t a n t  f a c t o r  i n f l u e n c i n g  t h e  r a c é m i s a t i o n  r a t e .
When we compare t h e  o p t i c a l  s t a b i l i t y  o f  d i m e t h y l -  
1 , 1 * - b i n a p h t h y l - 8 , 8 * - d i c a r b o x y i a t e ,  8- m a t h o x y c a r b o n y 1- 8 *-  
h y d r o x y m e t h y l - 1 , 1 * - b i n a p h t h y l  and 8 , 8 * - b i s h y d r o x y m e t h y l -  
1 , 1 ' - b i n a p h t h y l  t h e  e x p e c t e d  o r d e r  o f  s t a b i l i t y  would be
d i o l  ^  h y d r o x y  e s t e r ^  d i m e t h y l  e s t e r ,  
w h ic h  i s  what i s  o b s e r v e d .
The E v a l u e  f o r  t h e  d i o l ,  2 9 , 2 ,  i s  g r e a t e r  t h a n  
t h a n  o f  8 , 8 * - d i m e t h y l - 1 , 1 ' - b i n a p h t h y l ,  2 7 . 6 .  The r a t e  o f  
r a c é m i s a t i o n  o f  t h e  d i o l  i n  N ^ H - d im e t h y l  form am ide  i s  much 
q u i c k e r  and t h e  E v a l u e  d o e s  no t  f a l l  i n  w i t h  t h e  o r d e r  o f  
s t a b i l i t y  b y  h a l f  l i f e  p e r i o d .  I t  m u s t  be b e c a u s e  o f  t h e  
/A § v a l u e s  w h ich  a r e  - 9*3  f o r  8 , 8 ' - d i m e t h y l - 1 , 1 ' - b i n a p h t h y l  
and - 3 . 6 6  f o r  t h e  d i o l .  P r e s u m a b l y  t h e  d i o l  i s  more a s s o c i a t e d  
w i t h  t h e  s o l v e n t  i n  t h e  ground s t a t e  th a n  t h e  d i m e t h y l  
compound i s .
5R
S t u d y  o f  t h e  m o d e l s .
I t  was n o t  p o s s i b l e  t> c o n s t r u c t  t h e  1 , 1 * - b i n a p h t h y l  
- 8 , 8 * - d i c a r b o x y l i c  a c i d ,  i t s  d i r a e t h y l e s t e r  and 8 - m e t h o x y -  
c a r b o n y l - 8 * - h y d r o x y r a e t h y l - 1 , 1 ^ - b i n a p h t h y l  u s i n g  t h e  L e y b o ld  
raode ls  v /hich show t h e  v a n d e r  W aals  o v e r l a p *  The p i e c e s  f e l l  
a p a r t  when t h e  groups i n  t h e  8 , 8 * - p o s i t i o n s  w e r e  t r i e d  t o  b e  
i n t r o d u c e d .  U s i n g  t h e s e  raodels  we c o u l d  j u s t  make 8 , 8 * - b i s -  
h y d r o x y m e t h y l - 1 ,1  *- b i n a p h t h y l , 8 , 8 ^ - b i s b r o r a o r a e t h y l - 1 , 1 * -  
b i n a p h t h y l ,  and 8 , -  8 ^ i r a e t h y l - 1 , 1 ^ - b i n a p h t h y l , t h e y  f e l l  
i n t o  p i e c e s  when we t r i e d  t o  do a n y t h i n g .  H owever  t h e y  a r e  
v e r y  e a s i l y  made u s i n g  t h e  B e d f o r d  C o l l e g e  c ^ s s i c a l  m o d e l s  
i n  w h ich  no v a n d e r  W aals  o v e r l a p  i s  i n t r o d u c e d .
Waen t h e s e  compounds a r e  compared w i t h  1 , 1 ' - b i n a p h t h y l -  
8 , 8 ' - d i c a r b o x y l i c  a c i d  on c l a s s i c a l  d i a g r a m s ,  t h e  same ty p e
o f  i n t e r f e r e n c e  was found a s  i n  1 , l ' - b i n a p h t h y l - 8 , 8 ' - d i c a r b o x y l i c
acid ,
The g r o u p s  COOH, OOOOHj, G H ^ ,  0H 2B r,  and CH^ 
when i n  t h e  8 , 8 ' - p o s i t i o n  a l l  h a v e  t h e  same Î-C]^ o r  0 - 0 ^
i n t e r f e r e n c e .  V a r i a t i o n  i n  i n t e r f e r e n c e  b e t w e e n  t h e s e  g r o u p s
60
a r e  d u e  t o  t h e  a t t a c h e d  a t o m s  o r  g r o u p s .  On a s c a l e
^  ^  y n
d r a w i n g  t h e  d i s t a n c e  C -  = 0  -  C-j^  = 2.ifA .
QLv-eaciy c\esc\ribe4
However/  i t  h a s  b e e n  found i n  g e n e r a l  t h a t  non  
bonded c a r b o n  a to m s  c a n n o t  a p p r o a c h  c l o s e r  t h a n  3 . OA^
( H a r n i k ,  H e r b s t e i n ,  S c h m id t  and H e r s c h f i e l d  , i * , 1 9 5 U ,  3288) .  
Thus i f  t h e  g e o m e t r y  o f  t h e  m o l e c u l e  i s  su c h  t h a t  i t  w i l l  
b e  o v e r c r o w d e d ,  t h e  r e s u l t i n g  s t r a i n  w i l l  f i n d  r e l i e f  b y  an  
o u t  o f  p l a n e  d i s t o r t i o n  o f  t h e  s u b s t i t u e n t s  and by t h e  
b e n d i n g  o f  t h e  n u c l e u s .
T h er e  a r e  e v i d e n c e s  o f  t h i s  kind o f  o u t  o f  p l a n e  
d i s t o r t i o n  i n  s u b s t i t u t e d  n a p h t h a l e n e s .  ( D o n a l d s o n  and 
R o b e r t s o n ,  1 9 5 3 ,  1 7 ,  S v e r a r d  and S u t t o n ,  1 9 4 9 ,  2 3 1 2 ,  
P a c k e r ,  Vaugham and Wong, J . A . G . S .  . 1 9 5 8 ,  % ,  9 0 5 ,  and F e r g u ­
so n  and S i m ,  A c t a  c r y s t a  1 9 6 1 .  1262 ) 35-^a)
T h e r e  i s  a l s o  some e v i d e n c e  t h a t  t h e  i n t r a m o l e c u l a r  
o v e rcro w d ed  compounds i n  g e n e r a l  h a v e  l o w e r  o p t i c a l  s t a b i l i t y  
t h a n  one  m igh t  e x p e c t ,  and h a v e  v e r y  s m a l l  E v a l u e s :  (Newman 
and H u s s e y ,  J . A . G . S . ,. 1 9 4 7 .  6 9 . 3 0 2 3 ,  B e l l  and W a r in g ,  J ^  
1914.9 , 2 6 8 9 , H a l l  and T u r n e r ,  ^  1 9 5 5 ,  1 2 4 2 ,  T h e i l a c k e r  and 
Boxmann, Ann:. 1 9 5 3  , 581. 1 1 7 ,  and G r a w fo r d ,  J ^ ,  1 9 5 9 ,  2 8 0 7 ,
1 9 8 0 , 3133)t,^^e LiZj)
The 8 , 8 ' - b i s h y d r o x y m e t h y l - 1 , 1 ' - b i n a p h t h y l ,  8-  
m e t h o x y c a r b o n y 1- 8 *- h y d r o x y m e t h y l - 1 ,1  *- b i n a p h t h y l  and 8 , 8 *-  
d i m e t h y l - 1 , 1 *- b i n a p h t h y l  w i l l  b e  c o n s i d e r e d  a s  o v e rcro w d ed  
m o l e c u l e s  a s  t h e y  a l l  h a v e  two 2.1|A^ G -  G d i s t a n c e s  i . e .
t h e y  a r e  under  s t r a i n  and f i n d  r e l i e f  by an  o u t  o f  p l a n e  
d i s t o r t i o n  o f  th e  s u b s t i t u e n t s  and t h e  b e n d i n g  o f  t h e  
n u c l e u s .
I t  seem s p r o b a b l e  t h a t  i n  s o l u t i o n  p e r i - s u b s t i t u t e d  
n a p h t h a l e n e  u n i t s  a r e  e v e n  more d i s t o r t e d  th a n  i n  th e  s o l i d  
p h a s e ,  ( i n  b i p h e n y l  t h e  i n d i v i d u a l  b e n z e n e  u n i t s  a r e  more  
ou t  o f  p l a n e  i n  t h e  s o l u t i o n  t h a n  in  t h e  s o l i d  statQ^
The s t e r e o c h e m i s t r y  o f  8 , 8 * - b i s h y d r o x y m e t h y l -  
1 , 1 * - b i n a p h t h y l , 8 , 8 * - d i m e t h y l - l , l * - b i n a p h t h 3 r l  and 8 -  
m e t h o x y c a r b o n y l - 8 * - h y d r o x y m e t h y l - 1 , 1 ’ - b i n a p h t h y l  can be  
c o n s i d e r e d  i n  a s i m i l a r  way t o  1 , l ’ - b i n a p h t h y l - 8 , 8 ’ - d i c a r b o x y l i c  
a c i d .  So t h e r e  a r e  t h r e e  p o s s i b l e  c o n f o r m a t i o n s  f o r  each o f  
t h e s e  m o l e c u l e s  i n  t h e  ground s t a t e .  ( ^ ) ( ^ ) ,  (4-)(&=) and ( - )  y 
e a ch  o f  t h e s e  s t r u c t u r e s  a b o u t  t h e  1 , 1 ’-  bond can e x i s t  i n  
R and S c o n f i g u r a t i o n s .  S t r u c t u r e s  a b o u t  t h e  l , l ? b o n d  can  






The i n v e r s i o n  o f  each  u n i t ; .  (4-)->(^) and can
t a k e  p l a c e  w i t h i n  t h e  frame work o f  each R and S c o n f i g u r a ­
t i o n : ; ,  and i t  i s  p r o b a b l e  t h a t  t h e  c o n f o r m a t i o n a l  i n v e r s i o n  
i s  f a s t e r  than  t h e  c o n f i g u r a t i o n a l  i n v e r s i o n : :  a s  t h e  m ea su re ­
ment o f  v e l o c i t y  c o n s t a n t s ,  made o v e r  a w ide  ra n g e  o f  teirpe\atuve 
f o r  t h e  d i o l ,  h y d r o x y  e s t e r  and t h e  d i m e t h y l  b i n a p h t h y l .
The k p l o t s  and t h e  A r r h e n i u s  p l o t s  a r e  good s t r a i g h t  l i n e s ^
I n  1 , 1 ’- b i n a p h t h y l - 8 , 8 ’- d i c a r b o x y l i c  a c i d  th e re  i s  no s i g n i ­
f i c a n t  d e v i a t i o n  Ivi t h e  A r r h e n i u s  p l o t  and k  p l o t  s o  i t  i s  
t h e  o n l y  R 8 p r o c e s s  which  i s  u n d e r  o b s e r v a t i o n  i n  t h e  
p o l a r i m e t e r .  The c o n f o r m a t i o n a l  c h a n g e s  b e i n g  t o o  f a s t  t o  be  
d e t e c t a b l e  a t  t h e  t e m p e r a t u r e  u s e d .
However i t  i s  c l e a r  t h a t  i f  t h e  s u b s t i t u e n t s  i n  the  
p e r i  p o s i t i o n s  a r e  b e n t  out  o f  t h e  rmin p l a n e  and t h e y  c a n  
p a s s  t h e  r e l e v a n t  h y d ro g e n  a tom  more e a s i l y  i n  t h e  t r a n s i t i o n  
s t a t e  t h i s  e x p l a i n s  t h e  u n e x p e c t e d  l a b i l i t y  o f  8 , 8 ’ - s u b s t i t u t e d  
b i n a p h t h y l .  A s  t h e  s t r a i n  e n e r g y  makes i t  more e a s y  f o r  a 
m o l e c u l e  t o  r a c e m i s e ,  t h e  e n e r g y  b a r r i e r  f o r  r a c é m i s a t i o n  
w i l l  be red u ced  by t h e  s t r a i n  e n e r g y  t h a t  i s  why t h e  measured-
E v a l u e s  a r e  s m a l l .  On t h e  b a s i s  o f  p a c k e r ,  Vaughan and Wong’s
-1
e s t i m a t i o n  o f  s t r a i n  e n e r g y  o f  7 . 9  k c a l . m o l e  f o r  1 , 8  -
d i m e t h y l - n a p h t h a l e n e ,  we can o n l y  a p p r o x i m a t e l y  s u g g e s t  t h a t
t h e  s t e r i c  s t r a i n  i n  8 , 8 ’ - d i m e t h y l - 1 , 1 ’ - b i n a p h t h y l , d i o l  and
—1
t h e  h y d ro x y  e s t e r  t o  be a b o u t  15 k c a l . m o l e  , b e c a u s e  t h e r e  
a r e  two s i m i l a r  k in d  o f  c o m p r e s s io n s  i n v o l v i n g  carb on  a to m s  
a t t a c h e d  inth&Iand 8 p o s i t i o n ^ .
Ê3
I f  we t a k e  t h e  s t r a i n  e n e r g y  t o  be 15 k c a l s *  and add
I t  t o  t h e  e x p e r i m e n t a l  v a l u e  f o r  E in  d i m e t h y l  form am ide .
-1
The E v a l u e  would be a b o u t  4 4 . 2  k c a l . m o l e  f o r  the  d i o l ,
-1
4 3 . 6  k c a l . m o l e  f o r  8 , 8 ’ - d i m e t h y l - 1 , 1 ’ - b i n a p h t h y l  and 4 0 . 8  
-1
k c a l . m o l e  f o r  t h e  8 ^ m e t h o x y c a r b o n y l - 8 ’ - h y d r o x y m e t h y l -  
1 , 1 ’- b i n a p h t h y l .  T h e s e  l a r g e  v a l u e s  one would e x p e c t  f o r  th e  
o p t i c a l l y  s t a b l e  compounds and su ch  compounds o n c e  o p t i c a l l y  
a c t i v e  s h o u ld  n o t  r a c e m i s e  a t  a l l .  T h e se  h ig h  v a l u e s  a r e  
what one would e x p e c t  f o r  t h e  8 , 8 ’ - s u b s t i t u t e d - 1 , 1 ’ - b i n a p h t h y l s  
i f  t h e y  a r e  n o t  d i s t o r t e d  i n  an y  way.
Mes o ld  and R a c e m o id P a t h s .
As i n  1 , l ’ - b i n a p h t h y l - 8 , 8 * - d i c a r b o x y l i c  a c i d ,  t h e  
me s o i d  on e  w i l l  b e  f a v o u r e d  i n  t h i s  c o n f i g u r a t i o n a l  i n v e r ­
s i o n  a s  l e s s  e n e r g y  i s  r e q u i r e d  f o r  t h e  m e s o id  i n v e r s i o n *
R (aa) R ( d i ) E ( l l )
s:(aa) s(ai) izzt s(ii)
'  V
L n v  e.'f C 0  0"fc \ ,nc \4e  ^ ^  S,
S c h e m a t i c  e n e r g y  d i a g r a m  r e p r e s e n t i n g  o p t i c a l  
i n v e r s i o n  p a t h  f o r  8 , 8 l ^ < s u b s t i t u t e d  l , l ’ - b i n a p h t h y l s .
6a
C o n c l u s i o n s  from t h e  a b o v e  r e s u l t s .
1 .  Even w i t h  -GH^OH and g ro u p s  t h e  8 , 8 ^ - s u b s t i t u t e d
l , l ® - b i n a p h % l s  a r e  s t i l l  more l a b i l e  than th e  
2 , 2 ’- d i s u b s t i t u t e d  compounds ( l i s t e d  i n  t a b l e  )*
2* The " r o u n d ed " groups -CHgOH and -GH^ l e a d  t o  g r e a t e r
o p t i c a l  s t a b i l i t y  t h a n  t h e  g r o u p s  -G66H and -GOÔGH^ 
which  a r e  e f f e c t i v e l y  f l a t ,
3« The ground s t a t e  o f  t h e s e  new m o l e c u l e s  i s
s t r a i n e d ,  anô t h e  ground s t a t e  e n e r g y  l o w e r s  
^ r a c e m .





2- %,%. &\G ( b Y o m O m a t k ^ P
I t  i s  v e r y  d i f f i c u l t  t o  c o n s t r u c t  8 , 8 * - b i s C h y d r o x y m e t h y l ) 
1 ,1 *  - b i n a p h t h y l ,  8 ,8 *  - b i s ( b r o m o m e t h y ] ) - l , 1 * - b i n a p h t h y l , 
a n d  8 , 8 * - d i m e t h y l - 1 , 1  *- b i n a p h t h y l  u s i n g  t h e s e  L e y b o l d  
m o d e l s  w h i c h  show v a n  d e r  W a a l s  o v e r l a p ;  i t  was j u s t  
p o s s i b l e  t o  c o n s t r u c t  t h e s e  m o d e l s .  H o w e v e r ,  1 , 1 * -  
b i n a p h t h y l - 8 , 8 *- d i c a r b o x y l i c  a c i d  c o u l d  n o t  b e  made 
u s i n g  t h e s e  m o d e l s ,  so  i t  seem s p r o b a b l e  t h a t  t h e  a c i d  









( 1 )  S y n t h e s i s  o f  1 , 1 ^ - b i n a p h t h y l  compounds  
s u b s t i t u t e d  i n  t h e  8 , 8 * - p o s i t i o n s #
( 2 )  S y n t h e s i s  o f  s u b s t i t u t e d  b e n z o - 1 * , 2 ^ - 7 , 8 -  
b e n z a n t h r o n e #
( 3 )  S y n t h e s i s  o f  a n t h a n t h r o n e  and 1 , 1 * - b i n a p h t h y l  
a s  r e f e r e n c e  com pounds .
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c x ) C x-v'^
( 1 )  I I I ,  I V ,  V ,  V I ,  V I I ,  V I I I ,  . 3 X , X I ,  X I I  a r e  
new com p oun ds ,
( 2 )  I ,  I I ,  I I I ,  I V ,  V,  V I I I ,  VIX, X ,  X I ,  XIV w e re  
p r e p a r e d  o p t i c a l l y  a c t i v e ,
I I I ,  I V ,  V ,  V I I I ,  I X ,  X ,  X I ,  XIV f o r  t h e  f i r s t  
t i m e .
7 ^
P r e p a r a t i o n  o f  ( ± )  -  1 . 1 » - b l n a p h t h y l - 8 . 8 * - d I c a r b o x y l i c  a c i d
\j^ OOC toovv
T h i s  compound h a s  b e e n  p r e p a r e d  b y  two m e t h o d s ,  b u t  t h e  
m ethod  number ( l )  w as p r e f e r r e d  b e c a u s e  o f  t h e  b e t t e r  y i e l d ,
S cheme I









1 ,  8 -  Bromo- l - n a n h t h o ic  a c i d
( B u i e ,  p o r s e l l  and B ro w n , j . ,  1934,168)
M ercu ri-com p ou n d
N a p h t h a l i c  a c i d  (26o g . , 1 M.) w as d i s s o l v e d  
i n  a q u e o u s  so d iu m  h y d r o x id e  (155 g. i n  6 l i t r e s  o f  w a t e r )
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by h e a t i n g ,  and t h e  s o l u t i o n  f i l t e r e d  i n t o  a 20 l i t r e  f l a s k
i n  a l a r g e  h e a t i n g  m a n t le  and b o i l e d  u n d er  r e f l u x  f o r  15 m inutes^
M e r c u r ic  o x i d e  ( 2 7 5 g . , I . I M .  ) d i s s o l v e d  i n  200  m l .  o f  
g l a c i a l  a c e t i c  a c i d  and  7 5 0  m l .  o f  w a t e r  was th e n  added and 
t h e  r e a c t i o n  m i x t u r e  made a c i d i c  w i t h  g l a c i a l  a c e t i c  a c i d .
The s o l u t i o n  was t h e n  h e a te d  f o r  90 h o u r s .  The r e a c t i o n  was  
f i n i s h e d  when a sample g ave  a c l e a r  s o l u t i o n  w i th  sod ium  
h y d r o x i d e  and no m ercu ry  was d e p o s i t e d  on a c l e a n  copper  w ir e  
h e ld  i n  t h i s  s o l u t i o n .
The p r o d u c t  w a s  f i l t e r e d  o f f ,  washed with w a t e r ,  a l c o h o l  
and e t h e r  and t h e n  d r i e d ,  a p a l e  cream c o l o u r e d  s o l i d  was 
o b t a i n e d .  Y i e l d ,  5 l 5 . 5 g . 91.1?^
( a . S .  M e l l o r ,  Ph.D T h e s i s  (London) I 9 6 1 , 8 1 . 0 ^
2. I n t r o d u c t i o n o f  br omine
The m ercuri-com pound ( 9 5 g # ) was s u sp e n d e d  i n  a m i x t u r e  o f  
300  m l .  o f  g l a c i a l  a c e t i c  a c i d  and 50  m l .  w a t e r ,  and c o o l e d  t o
- 10° .
Bromine ( I 4 g . ) i n  a q u eou s  sodium bromide s o l u t i o n  ( 1 5 0  m l .  
o f  50^  s o l u t i o n )  was added g r a d u a l l y  w i t h  c o n s t a n t  s t i r r i n g ,
u s i n g  a m e c h a n ic a l  s t i r r e r ,  k e e p i n g  th e  t e t # e r a t n r e  be low  qo.
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The r e a c t i o n  was t h e n  a l l o w e d  to  warm t o  room temp e r a -  
t u r e  and t h e n  h e a t e d  t o  90^ and poured i n t o  t h r e e  l i t r e s  
o f  b o i l i n g  w a t e r .  The s o l u t i o n  was f i l t e r e d  a s  h o t  as p o s s i b l e .  
The r e s i d u e  was e x t r a c t e d  w i t h  b o i l i n g  w a t e r  and a g a i n  
f i l t e r e d  h o t .  The combined f i l t r a t e  on c o o l i n g  d e p o s i t e d  a 
s h i n i n g  c r y s t a l l i n e  s o l i d ,  w h ic h  was sucked  o f f  and d r i e d  
( 5 0 . 5g* ) •  C r y s t a l l i z a t i o n  from  b e n z e n e  g a v e  4 1 . 5 g . ( 8 1 ^ )  
o f  8 -  b r o m o - l - n a p h t h o i c  a c i d . m .p .  1 7 4 - 1 7 5 ^  ( s h r i n k i n g  a t  
1 7 0 ° .
M e t h y l  - 8 -  bromo - 1 -  na n h t h o a t e
T h i s  was p r e p a r e d  by  t h e  method o f  R u l e  and B a r n e t  
(Jt^ 1 9 3 2 , 1 7 5 ) > w i t h  a m o d i f i e d  method o f  p u r i f i c a t i o n .
8 -  B r o m o - l - n a p h t h o i c  a c i d  (75g*  )*^^âissolved i n  
b e n z e n e  ( 5 1 0  m l . )  b y  b o i l i n g  u n d e r  r e f l u x .  T h i o n y l  c h l o r i d e  
(22  m l . )  was added s l o w l y  to  t h e  b o i l i n g  s o l u t i o n  and t h e  
m i x t u r e  b o i l e d  f o r  4 4  b o u r s .  M e t h y l  a l c o h o l  ( 7 5  m l . )  was  
t h e n  added v e r y  s l o w l y  and c a u t i o u s l y  and b o i l e d  f o r  
f u r t h e r  45 m i n u t e s .
The b e n z e n e  s o l u t i o n  was washed t w i c e  w i t h  w a t e r ,  
t w i c e  w i t h  a q u e o u s  so d ium  c a r b o n a t e  s o l u t i o n  a n d  f i n a l l y  
w i t h  w a t e r .  I t  was t h e n  d r i e d  o v e r  c a l c i u m  c h l o r i d e ,  
b e n z e n e  removed ( d i s t i l l a t i o n  from  a w a t e r  b a t h ) .  The  
r e s i d u e ,  d a r k  brown i n  c o l o u r ,  was d i s t i l l e d  o f f  u n d e r  
r e d u c e d  p r e s s u r e  ( 1 .  n /m . ) u s i n g  an a i r  c o n d e n s e r .
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A t  1 8 0 - 2 0 0 ^  a p a l e  y e l l o w  o i l y  cornpoand was o b t a i n e d .  I t  was  
a l l o w e d  t o  c o o l  ( i c e ) .  I t d  id  n o t  s o l i d i f y .  I t  t h e n  c r y s t a l l i z e d  
on r u b b i n g  w i t h  a rod u n d e r  l i g h t  p e t r o l e u m  ( b . p .  h O -6 o ^ ) .
A v e r y  l i g h t  c o l o u r e d  c r y s t a l l i n e  coirrpound was o b t a i n e d .
Y i e l d  4 6 g .  ( 7 6 . 6 ^ ) ,  m .p .  38^ .
U l lm ann  r e a c t i o n .
(± )  -  D i m e t h y l  -  1 , 1 * -  b i n a u h t h y l  -  8 , 8 * -  d i c a r b o x y l a t e
T h i s  p r e p a r a t i o n  was c a r r i e d  o u t  a c c o r d i n g  t o  t h e  p r o c e d u r e
o f  H a l l ,  R i d g w e l l  and T u rn er  ( J i . , 1 9 5 U ,  2 4 9 8 ) ,  e x c e p t  t h a t
t h e  r e a c t i o n  was t r i e d  o u t  a t  much l o w e r  t e m p e r a t u r e  o f  200^*
w h i l e  t h e  i n t e r n a l  t e m p e r a t u r e  was 220^ ,  w i t h  76 . 5^ y i e l d .
P r e v i o u s l y  i t  was done  a t  260^ ,  and t h e  i n t e r n a l  t e m p e r a t u r e
was 300^ ,  and t h e  y i e l d  was 5 5 $ .
Copper  b r o n z e  ( 4 0 g . ) was added g r a d u a l l y  t o  m e t h y l  - 8 -
- b r o m o - l - n a p h t h o a t e  ( 4 0 g . ) c o n t a i n e d  i n  a hard g l a s s  t u b e
o
immersed i n  a m e t a l - b a t h  k e p t  a t  200  . D u r i n g  a d d i t i o n  the
i n t e r n a l  t e n i p e r a t u r e  r o s e  t o  2 2 0 ° ,  a f t e r  a d d i t i o n  o f  t h e
0
w h o le  c o p p e r  b r o n z e  i t  was h e a t e d  a t  195 f o r  a b o u t  I 5 m i n u t e s .  
I t  was t h e n  a l l o w e d  t o  c o o l ,  t h e  c o o l e d  mass was e x t r a c t e d  
w i t h  a c e t o n e  i n  a S o x h l e t  a p p a r a t u s .  The s o l u t i o n  o b t a i n e d  
was t h e n  b o i l e d  w i t h  c h a r c o a l  u n t i l  l i g h t  p a l e  y e l l o w ,  f i l t e r e d  
and th e n  c o n c e n t r a t e d  t o  about  150  m l .  A v e r y  l i g h t  cream  
c o l o u r e d  c r y s t a l l i n e  compound was o b t a i n e d  ( t h i c k  n e e d l e s ) .
o
Y i e l d ,  2 1 g ,  7 6 , 5 $ ,  m ,p .  1 5 8 - 1 5 9  , (Cooke and H a r r i s ,  
( J : ,  1 9 6 3 , 2370 , )  o b t a i n e d  two c r y s t a l l i n e  fo rm s ,
( i )  n e e d l e s  m,p 155-157®  and/ihplates m.p 1 4 5 - 1 4 7 ^ ) •
5 o H y d r o l y s i s  o f  t h e  a b o v e  me t h y l  e s t e r .
( H a l l ,  R i d g w e l l  and T u r n e r ,  1 9 5 4  , 249 8 )
The e s t e r  ( l 7 g . ) was b o i l e d  u n d e r  r e f l u x  w i t h  30$  
a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  ( 5 0 0  m l . )  f o r  30 m i n u t e s  on 
a m e t a l - b a t h .  The a l c o h o l  was th e n  d i s t i l l e d  o f f ,  and t h e  
r e s i d u e  h e a t e d  a t  1 3 0 - 1 4 0 ^  f o r  a b o u t  h a l f  an  h o u r .
The r e s i d u e  was e x t r a c t e d  w i t h  b o i l i n g  w a t e r  and 
f i l t e r e d .  The c o o l e d  f i l t r a t e  was a c i d i f i e d  w i t h  d i l u t e  
h y d r o c h l o r i c  a c i d  and t h e  p r e c i p i t a t e  f i l t e r e d  o f f ,  washed  
w i t h  w a t e r  and  d r i e d .  T h i s  p r e c i p i t a t e  was e x t r a c t e d  w i th  
a l a r g e  am ount o f  m e t h y l a t e d  s p i r i t  i n  a s o x h l e t  a p p a r a t u s .
The y e l l o w  c o l o u r e d  s o l u t i o n  o b t a i n e d  was b o i l e d  w i t h  c h a r c o a l ,  
f i l t e r e d ,  and c o n c e n t r a t e d  t o  a s m a l l  v o lu m e .  On s t a n d i n g  
t h e  w h i t e  c r y s t a l l i n e  a c id  was o b t a i n e d  ( l 4 . 1 g .  9 0 $ )  m .p .  
318 - 320  ^ ( d e c o i n p . ) .  R e c r y s t a l l i z a t i o n  from m e t h y l a t e d  s p i r i t  
r a i s e d  t h e  m e l t i n g  p o i n t  t o  3 2 4 - 3 2 5 ^  ( d e c o m p . ) .
( H a l l ,  R i d g w e l l  and T u r n e r ,  ( j ^  1 9 5 4 ,  2 4 98 )  g a v e  m .p .  
300 - 304^ .  M e ise n h e im e r  and B e i s s w e n g e r .  (Ber;^ 1 9 3 2 ,  65^ 3 2 )  
g a v e  m.p 3 0 4 ° .  S t a n l e y ,  J . A . C . S . i  1 9 3 1 ,  ^ . 3 1 0 4 ) , 3 0 6 - 3 0 7 ® ,
and Oooke and H a r r i s  (J;^ 19^35 2 3 7 2 )  r e p o r t e d  t h a t  t h e  a c i d  
was m e l t e d  w i t h  d e c o m p o s i t i o n  a t  306 -  32^ ^ ,  d e p e n d i n g  upon  
t h e  c r y s t a l l i n i t y  o f  th e  sa m p le  and t h e  r a t e  o f  h e a t i n g ) .
Scheme 2
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1 .  Naph tha  l i e  a n h y d r i d e .
N a p h t h a l i c  a c i d  ( l O g )  was h e a t e d  u n d e r  r e f l u x  w i t h  
a c e t i c  a n h y d r i d e  ( 5 0  m l)  f o r  two h o u r s .  I t  was t h e n  f i l t e r e d  
h o t .  On c o o l i n g  n e e d l e  shaped c r y s t a l s  w e r e  o b t a i n e d  ( 9 g )  
m .p .  273 . 5 - 276° ,  97 . 15$ .
2 .  N a p h t h a l l m l d e .
( A .P .  K a r i s h i n  and D . M . K u s t o l ,  S t a t e  n e d a g p g  I n s t ,  
p o l t a v a z h u r .  O b s e h c h e l  Khlm._ 1 9 5 8 .  2 g ,  692 -  O .A .j52 ,  1 7 1 9 7  a )  
N a p h t h a l i c  a n h y d r i d e  ( 5 . 0 0 g )  and 8 m l .  o f  16$  
ammonium h y d r o x i d e  w ere  h e a t e d  on a s te a m  b a t h  f o r  30
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m i n u t e s ,  ( f i n a l  t e m p e r a t u r e  9 0 ^ ) .  I t  was t h e n  d i l u t e d  w i t h  
w a t e r ,  f i l t e r e d ,  washed w e l l  w i t h  w a t e r  and d r i e d .  ( 4 . 9 3 g .
99^)#  m .p .  299 - 300^ .
3 .  1 , 1 *  -  B i n a n h t h y l  -  8 , 8 *  -  d i c a r b o x y l i c a c i d .
( A .P .  K a r i s h i n  and D.M. K u s t o l .  Zhur Qbsc h e i  Khim. .  1 9 5 9 .
2 9 .  1 9 2 8 ,  0^ , ^ 1 9 6 0 , 8 7 4 8 c . ) .
N a p h t h a l l m i d e  ( 9 # 4 g . ) was h e a t e d  un der  r e f l u x  w i t h  
200 ml o f  d i s t i l l e d  w a te r  and 24  ml o f  3 0 ^  p o t a s s i u m  h y d r o x i d e  
t o  s o l u t i o n .  I t  was th e n  c o o le d  t o  20® and 40  m l ,  o f  3 0 $  
p o t a s s i u m  h y d r o x i d e  and 75 ml# o f  f r e s h l y  p r e p a r e d  sod ium  
h y p o c h l o r i t e  s o l u t i o n  added and s t i r r e d  f o r  two h o u r s  a t  
25^ .  E x c e s s  h y p o c h l o r i t e  was decomposed by  a d d i n g  a d i l u t e  
s o l u t i o n  o f  sod ium  b i s u l p h i t e .  T h i s  was th en  added to 70 m l .  
o f  30$  s u l p h u r i c  a c i d  b e low  3 ^ .
The m i x t u r e  was c o o le d  t o  -  4 ^ ,  and t r e a t e d  w i t h  3 , 0 g .  
o f  sod ium  n i t r i t e  i n  20 m l .  o f  w a t e r .  I t  was s t i r r e d  20 m i n u t e s  
b e lo w  2 ^ ,  and n e u t r a l i z e d  w i t h  s a t u r a t e d  s o d i u m  c a r b o n a t e  
s o l u t i o n  u n t i l  b a r e l y  a c i d  t o  congo  r e d .  T h i s  g a v e  t h e  
d i a z o n i u m  s a l t  s o l u t i o n .
P r e p a r a t i on o f  C a ta l y s t ^
( V o r l a n d e r ;  A n n a l e IL. 1 9 0 2 ,  520 1 3 3 )
7^
Copper s u l p h a t e  ( 3 5 * 5 g * )  was d i s s o l v e d  i n  200  m l .  o f
w a t e r  a n d  1 0 0  m l .  o f  ammonia (d = 0 . 8 8 0 )  was a d d e d .  The
s o l u t i o n  was c o o l e d ,  80  g .  o f  powdered sod ium  m e t a b i s u l p h i t e
and 80 m l .  o f  ammonia (d = 0 . 8 8 0 )  was a d d e d ,  t h e  s o l u t i o n
t u r n e d  b row n  and a  h e a v y  p r e c i p i t a t e  a p p e a r e d .  Ammonia
c a u s e d  some b l u e  c o l o u r  o w in g  t o  o x i d a t i o n .  I t  was  t h e n  
o
c o o l e d  t o  15 •
The d i a z o  s o l u t i o n  was added s l o w l y  t o  t h e  c a t a l y s t  
by means o f  a d r o p p i n g  f u n n e l ,  k e e p i n g  the  t e m p e r a t u r e  b e lo w  
1 5 ^ ,  and s t i r r i n g  v i g o r o u s l y  t h r o u g h o u t  the  a d d i t i o n .  N i t r o g e n  
was e v o l v e d .
F e r r i c  c h l o r i d e  ( 5 0  g . )  f a s  d i s s o l v e d  i n  w a t e r  ( 8 0  m l . )  
f i l t e r e d  th r o u g h  B u ch ner  f u n n e l  and 260  m l .  o f  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d  was a d d e d .  T h i s  s o l u t i o n  was t h e n  added  
t o  t h e  r e a c t i o n  p r o d u c t ,  t h e  s o l u t i o n  turned  brown and 
1 , 1 *  -  b i n a p h t h y l  - 8 , 8 *  -  d i c a r b o x y l i c  a c i d  p r e c i p i t a t e d .
I t  was f i l t e r e d ,  w ashed  t h r o u g h l y  w i t h  w a t e r  a n d  d r i e d ,  
d i s s o l v e d  i n  m e t h y l a t e d  s p i r i t ,  b o i l e d  w i t h  c h a r c o a l  and 
f i l t e r e d .  I t  w as  c o n c e n t r a t e d  t o  a b o u t  $  o f  i t s  v o l u m e .
On c o o l i n g  t h e  c r y s t a l l i n e  a c i d  s e p a r a t e d .  m .p .  323 - 325® 
( d e c o m p . ) •
P u r i f i c a t i on o f  9 5 $  p u r e  1 , 1 *  -  b i n a p h t h y l  -  8 , 8 * -  d i c a r b o x y l i c  
a c i d  p u r c h a sed  f r om L i g h t s  and Go.
The 1 , 1 *  -  b i n a p h t h y l  -  8 , 8 * -  d i c a r b o x y l i c  a c i d  ( 1 0  g ) , 
d a r k  brown i n  c o l o u r ,  was d i s s o l v e d  i n  3 l i t r e s  o f  b o i l i n g  
m e t h y l a t e d  s p i r i t .  I t  was t h e n  b o i l e d  w i t h  c h a r c o a l  and 
f i l t e r e d .  A l i g h t  p a l e  y e l l o w  c o l o u r e d  s o l u t i o n  was o b t a i n e d »  
M e t h y l a t e d  s p i r i t  was t h e n  d i s t i l l e d  o f f  l e a v i n g  a b o u t  1^ l i t r e  
o f  s o l u t i o n .  On c o o l i n g  w h i t e  c o l o u r l e s s  c r y s t a l l i n e  a c i d  
was o b t a i n e d ,  m .p .  318  -  3^0® (d e c o m p ) .  Y i e l d  ( 7 * 6 g , )»  j t  
was r e c r y s t a l l i z e d  from m e t h y l a t e d  s p i r i t ^  m.p# 320  -  323® 
(deoom p.  ) •
( The i n f r a  red s p e c t r u m  i s  v e r y c l o s e l y  s i m i l a r  t o  t h a t  
o f  th e  a c i d  o b t a i n e d  from t h e  f i r s t  two e x p e r i m e n t s ) .
P r e p a r a t i o n  o f  t h e  d i m e t h y l  e s t e r  o f  1 , 1 *  -  b i n a p h t h y l  -  
-  8 ,8 *  -  d i c a r b o x y l i c a c i d .
T h i s  d e s c r i b e s  t h e  g e n e r a l  p r o c e d u r e  f o r  t h e  p r e p a r a ­
t i o n  o f  t h e  ( ± ) -  , ( + )  -  and ( - )  -  e s t e r s .
D i a z o m e t h a n e .
(O rg .  S y n t h . . 1 9 5 6 ,  ^ 6 ,  l 6 )
E -  CH30gH|^S02N(NO) GH3  + R.OH
OH2^2 + £  -  CtgH]^SG2 . OR + H2O
T he j o i n t s  o f  t h e  a p p a r a t u s  w e r e  f i t t e d  w i t h  p l a s t i c  
s l e e v e s  t o  l i m i t  t h e  p o s s i b i l i t y  o f  e x p l o s i o n .
I n  a round botommed f l a s k  w ere  p l a c e d  5 g .  p o t a s s i u m  
h y d r o x i d e ,  8 m l .  w a t e r  and 25 m l .  o f  9 5 $  e t h a n o l .  N - m e t h y l -  
N - n i t r o s o - p - t o l u e n e - s u l p h o n a m i d e  ( 2 1 . $ g . ) d i s s o l v e d  i n  150  m l .  
o f  e t h e r  was p l a c e d  i n  a d r o p p i n g  f u n n e l .  T h e r e  were  two 
r e c e i v i n g  f l a s k s  in  s e r i e s  and t h e  s e co n d  one w h ic h  c o n t a i n e d  
4 0 -6 0  m l .  e t h e r  a c t e d  a s  a t r a p  f o r  a n y  d i a z o m e t h a n e  w h ich  
m ig h t  e s c a p e .  The N - m e t h y l - N - n i t r o s o - £ - t o l u e n e - s u l p h o n a m i d e  
was added from  t h e  d r o p p i n g  f u n n e l  t o  t h e  p o t a s s i u m  h y d r o x i d e  
s o l u t i o n  in  t h e  f l a s k ,  which  was on w a t e r - b a t h  k e p t  a t  6o -70^. 
A f t e r  t h e  a d d i t i o n  a f u r t h e r  5 0  m l .  o f  e t h e r  was a d d e d ,  
and t h e  d i s t i l l a t i o n  c o n t i n u e d  u n t i l  t h e  d i s t i l l a t e  was 
c o l o u r l e s s .  The e t h e r e a l  s o l u t i o n  was used  i m m e d i a t e l y  and 
was assumed to  c o n t a i n  2 . 6 —2 . 7 g # ' o f  d i a z o m e t h a n e .
( + ) - D j ^ 0 t h 2 l  -  1 , 1 *  -  b i n a p h t h y l  -  8 , 8 *  -  d i c a r b o x y l a t e .
{ C o o k e  and  H a r r i s ,  1 9 6 3 ,  2365 -  2 3 7 3 ) .
Powdered 1 , 1 *  -  b i n a p h t h y l  -  8 , 8 *  -  d i c a r b o x y l i c  a c i d
(5  g . ) was added s l o w l y  t o  t h e  c o ld  e t h e r e a l  s o l u t i o n  o f
d i a z o m e t h a n e  ( 7 0  m l .  -  1 . 2 2  g ) .  T h er e  were e f f e r v e n c e s ,
and a s  t h e  r e a c t i o n  p r o c e d e d  a w h i t e  s o l i d  c r y s t a l l i z e d  a t
t h e  b o t t o m  o f  t h e  f l a s k .  When t h e  r e a c t i o n  was c o m p l e t e ,
t h e  s o l i d  was f i l t e r e d  o f f ,  washed t h r o u g h l y  w i t h  a q u e o u s
so d iu m  c a r b o n a t e  s o l u t i o n  and t h e n  w i t h  w a t e r  and d r i e d .
A w h i t e  c r y s t a l l i n e  p r o d u c t  was o b t a i n e d  ( 4 . 5  g .  ) m.p 1 5 6 - 1 5 8 ^
I t  was th e n  d i s s o l v e d  i n  m e t h y l a t e d  s p i r i t ,  f i l t e r e d  and
c o n c e n t r a t e d  to  a b o u t  h a l f  t h e  v o lu m e .  On c o o l i n g  two t y p e s
o f  c r y s t a l s  w e r e  o b t a i n e d  ( i )  t h i c k  n e e d l e s  m .p .  1 5 8 - 1 5 9 ^
o
and ( i i )  p l a t e s  m .p .  1 5 8 - 1 5 9  • When t h e  p l a t e s  w ere  d i s s o l v e d  
i n  m e t h y l a t e d  s p i r i t  and a l l o w e d  t o  s t a n d ,  t h i c k  n e e d l e s  
were  o b t a i n e d  m .p .  1 5 8 - 1 5 9 ^ .
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8 , 8 ’ -  E lg .Ç h y d r o x y m sth y l ) -  1 , 1 ’ -  b i n a p h t h y l .
Cuooc coocu. HoWe cuou
T h i s  method was a d a p te d  from  Bergmann and S z u s k o v i c z ^
( J . A . O . S . ,  1 9 5 1 ,  2 2 »  5 1 3 5 , ) ,  and H a l l  and Turner ( £ ; , 1 9 5 5 ,  1 2 4 2 ) ,  
who u s e d  i t  f o r  d i f f e r e n t  compounds*
L i t h i u m  a lu m in iu m  h y d r i d e  ( l . 5 g *  -  6 M. ) was w e igh ed  
i n  t h e  fume cupboard and q u i c k l y  c o v e r e d  w i t h  sod ium  d r i e d  
e t h e r  ( 5 0 0  m l .^  i n  a t h r e e  n ec k e d ,  t h r e e  l i t r e  f l a s k  equipped  
w i t h  a c o n d e n s e r  and a d r o p p i n g  f u n n e l ,  A s u s p e n s i o n  o f  
d i m e t h y l  -  1 , 1 ’ -  b i n a p h t h y l  -  8 , 8 ’ -  d i c a r b o x y l a t e  ( 5 g * l M . )  
i n  1 0 0 0  m l .  o f  s o d i u m - d r i e d  e t h e r  was t h e n  washed i n .
The m i x t u r e  was t h e n  h e a t e d  on a w a t e r - b a t h  f o r  3 -U  h o u r s .  
Wet e t h e r  and th e n  w a t e r  ( i  -  1 drop  a t  a t i m e )  was a d d e d ,  
t o  d ecom p ose  t h e  e x c e s s  o f  l i t h i u m  a lu m in iu m  h y d r i d e ,  u n t i l  
no b u b b l e s  w e r e  o b s e r v e d ,  and d i l u t e  s u l p h u r i c  a c i d  ( 2  ÏÏ, ) 
was t h e n  a d d e d .  The e t h e r  l a y e r  was s e p a r a t e d .  The a q u e o u s  
l a y e r  was e x t r a c t e d  o n c e  w i t h  e t h e r  and t h e  com b ined  e t h e r  
l a y e r s  w ere  washed t w i c e  w i t h  w a t e r  and d r i e d  o v e r  c a l c i u m  
c h l o r i d e .  The c a l c i u m  c h l o r i d e  was removed b y  f i l t r a t i o n  
and washed t w i c e ,  w i t h  s m a l l  p o r t i o n s  o f  d r y  e t h e r .  The e t h e r
was t h e n  d i s t i l l e d  o f f ,  A ’q u a n t i t a t i v e  y i e l d  o f  th e  c r y s t a l l i n e  
compound m . p ,  1U5 -  150^ t o g e t h e r  w i t h  a l i t t l e  s t i c k y  
s u b s t a n c e  was o b t a i n e d .  I t  was d i s s o l v e d  i n  b e n z e n e ,  b o i l e d  
w i t h  a l i t t l e  c h a r c o a l  and f i l t e r e d .  A f t e r  some t  ime c o l o u r l e a s  
h e x a g o n a l 8 c r y s t a l s  s e p a r a t e d ^  ( 3 . 9  g . ) ,  %  1 5 0 - 1 5 1 . 5 ^ ,  and 
w ere  r e c r y s t a l l i z e d  from b e n z e n e ,  m ,p .  1 5 1 - 1 3 2 ° .  A f t e r  
d r y i n g  i n  a vacuum o v e r  p h o s p h o r o u s  p e n t o x i d e  f o r  two  
h o u r s  a t  100^^ r a ,p .  1 52  -  153^»
( Po u nd :  0 ,  8 3 . 9 ;  H ,  5 . 7 ;  0 ,  1 0 ,^ 0 #  G22 ^ 1 8^ 2  
r e q u i r e s  0  8 4 , 0 5 ;  H , 5 . 8 ;  0 ,  1 0 .2% .  ) ,
8^8^ -  B1 s ( bromome t h y  1 ) - ! . ! *  -  b i n a p h t h y L^.
8 ,8 ^  -  B i s ( h y d r o x y m e t h y l )  -  1 , 1 ’ -  b i n a p h t h y l  ( 5 g ^ )  
was d i s s o l v e d  i n  b o i l i n g  a c e t i c  a c i d  (125  m l .  ) ana th e n  
b o i l i n g  h y d r o b r o m ic  a c i d  (6o m l.  d = 1 . 5 )  ^ a s  a d d e d .  The 
s o l u t i o n  c l e a n e d  on s h a k i n g  th e n  become c l o u d y ,  and a l i g h t  
y e l l o w  c r y s t a l l i n e  compound s e p a r a t e d .  More h y d ro b ro m ic  a c i d  
( 2 5  m l . )  was a d d e d .  A f t e r  c o o l i n g ^ t h e  s o l i d  was f i l t e r e d ,  
washed w e l l  w i t h  w a t e r  and d r i e d  ( 8 g .  ) m .p .  1 7 8  -  1 90* .^-
C r y s t a l l i z a t i o n  from  c h l o r o f o r m  g a v e  v e r y  l i g h t  y e l l o w  
c r y s t a l s ^  ( 5 . 7 g .  8 2 ^ ) ,  m .p .  190 -  1 9 1 .5 ^ *
(Found; C ,  6 o . 2 ;  H ,  3 . 8 ;  B r ,  3 8 . 5 ,  
r e q u i r e s  G ,  6o.O; H, 3 . 7 ;  B r ,  3 8 . 3 ^ ) .
Sâj yM i b o m b  method,.
The bromocompound (0.3211 g. ) was weighed d i r e c t l y  
in to  the fusion cup, and 0 .5 g  of cane sugar, 1 .5g .  o f  
potassium n i tr a te  followed by 15 g o f  sodium peroxide added.  
Immediately the l id  was placed on the fusion cup, screwing  
the union t i g h t l y  into  p la ce .  The contents of the bow^s
^6
were mixed t h r o u g h l y  by  s h a k i n g  i t  and t h e  bomb was p l a c e d  
i n s i d e  t h e  f u s i o n  g u a r d .  Some d i s t i l l e d  w a te r  was p l a c e d  i n  
t h e  t o p  o f  t h e  cap u n i o n .  The bomb was h e a t e d  w i t h  a b u nsen  
f l a m e  t i l l  t h e  w a t e r  on t h e  to p  b o i l e d .  The bomb was a l l o w e d  
t o  c o o l  u n d e r  t h e  t a p .  A f t e r  c o o l i n g ,  t h e  bomb was d i s m a n t l e d  
and t h e  f u s i o n  cup was p l a c e d  i n  a b e a k e r  c o n t a i n i n g  200  ml,  
o f  h o t  w a t e r .  The b e a k e r  was c o v e r e d  w i t h  a w a tch  g l a s s .
When t h e  e v o l u t i o n  o f  g a s  c e a s e d  t h e  cup was removed and r i n s e d  
w e l l .  The s o l u t i o n  was a c i d i f i e d  w i t h  n i t r i c  a c i d  and tire 
s i l v e r  n i t r a t e  s o l u t i o n  was added s l o w l y  w i t h  c o n s t a n t  s t i r r i n g  
t i l l  no f u r t h e r  p r e c i p i t a t e  was o b t a i n e d .  The s o l u t i o n  was t h e n  
a l l o w e d  t o  s ta n d  f o r  one  hour  and th en  f i l t e r e d  th r o u g h  s i n t e r e d  
g l a s s  c r u c i b l e ,  washed w i t h  d i l u t e  n i t t r i c  a c i d  and d r i e d  i n  an 
oven u n t i l  c o n s t a n t  w e i g h t  was o b t a i n e d  (0 .2 7 U U  g  o f  AgBr)
P e r c e n t a g e  o f  brom ine  => -  * 3 8 . 3 5 ^  .
0 .3211
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8 , 8 ’ -  B1 s ( h y a r o x y m e t h y l ) -  1 , 1 '  -  b i n a p h t h y l  f r o m  
8 , 8 ’ -  b l s b r o m o m e th y l  -  1 , 1 ’ -  b i n a p h t h y l ;
\A û we
8 , 8 *  "  B l s b r o m o m e t h y l  -  1 , 1 *  -  b i n a p h t h y l  ( 2 g , )  was  
d i s s o l v e d  i n  b o i l i n g  a c e t o n e .  A q u e o u s  s i l v e r  n i t r a t e  was 
a d d e d  and t h e  s i l v e r  b r o m i d e  f i l t e r e d  o f f .  T h e  f i l t r a t e  
was e x t r a c t e d  w i t h  b e n z e n e  and t h e  e x t r a c t  was washed w e l l  
w i t h  w a t e r  t w i c e  and d r i e d  o v e r  c a l c i u m  c h l o r i d e .  The b e n z e n e  
was rem oved  b y  d i s t i l l a t i o n  and t h e  r e s i d u e  o b t a i n e d  ( 1 . 3 5  g.j) 
9[|..75?) w as  c r y s t a l l i z e d  f r o m  b e n z e n e  ( l . 0 3 g . ^ 7 3 # 5 ^ )  m . p .
11)_7 -  114.9^ •  On r e c r y s t a l l i z a t i o n  f r o m  b e n z e n e  t h e  m e l t i n g  
p o i n t  was r a i s e d  t o  130  -  1 3 1 ^ . (T he  i n f r a c r e d  s p e c t r u m  
was v e r y  c l o s e l y  s i m i l a r  t o  t h a t  o f  8 , 8 *  -  b i s ( h y d r o x y r a e t h y l ) -  
-  1 -1 *  - b i n a p h t h y l  p r e v i o u s l y  p r e p a r e d  ( s e e  p . g ^  ) and  
t h e r e  was no  d e p r e s s i o n  when t h e  m ixed m e l t i n g  p o i n t  w i t h  
t h i s  d i e l  was t a k e n ) ' .
8 , 8 ' -  B i s ( e t h o x y - m e t h y l ) - 1 . 1 ' - b i n a p h t h y l .
Î j t U c
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8 , 8 * -  B lsb r o m o m e th y l  -  1 , 1 *  -  b i n a p h t h y l  (5  g ,  ) 
was b o i l e d  w i t h  a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  i n  w h ich  i t  
d i s s o l v e d .  A f t e r  c o o l i n g  and f i l t e r i n g  o f f  p o t a s s i u m  b r o m i d e ,  
t h e  m other  l i q u o r  was e v a p o r a t e d  on w a t e r - b a t h ,  t h e  r e s i d u e  
was washed w e l l  w i t h  w a t e r ,  d i s s o l v e d  i n  e t h e r  and d r i e d  
o v e r  c a l c i u m  c h l o r i d e .  E t h e r  was removed b y  d i s t i l l a t i o n  
and t h e  brown s t i c k y  r e s i d u e  d i s s o l v e d  i n  a l c o h o l :  on 
c o o l i n g  n e e d l e  shaped c r y s t a l s  w ere  o b t a i n e d  ( 2 .1  g;^ 6 7 , 7 4 ^ )  
m .p .  78 -  8 0 ^ .  R e c r y s t a l l i z a t i o n  from a l c o h o l  a f t e r  b o i l i n g  
w i t h  c h a r c o a l  g a v e  c o l o u r l e s s  t h i c k  n e e d l e s .  m .p .  80 -  8 1 ^ .
(Pound:  C ,  8U.U5; H, 7 . 0 5 ;  0 ,  8 . 5 .  ^ 26^ 26^2
r e q u i r e s  0 , 8 4 . 5 ;  H, 7 . 1 ;  0 . 8 . 6^ )
9^cb) 8 , 8 *  -  B i s ( b r o r a o m e t h y l ) - ' l , l * -  b i n a p h t h y l  ( 2 . 2 7 3 g .  )
was d i s s o l v e d  i n  b o i l i n g  m e t h y l a t e d  s p i r i t ,  and a q u e o u s  
s i l v e r  m i t r a t e  was added s l o w l y  t i l l  no f u r t h e r  p r e c i p i t a t e  
was o b t a i n e d .  On c o o l i n g  t h e  p r e c i p i t a t e  o f  s i l v e r  brom id e  
was f i l t e r e d  o f f ,  washed w i t h  w a t e r ,  a l c o h o l ,  e t h e r  and b e n z e n e  
and d r i e d  i n  t h e  o ven  u n t i l  t h e  w e i g h t  was found c o n s t a n t  
( 1 . 9 0 0 2  g;^ c a l c u l a t e d  f o r  2 M. A ^ r ,  1 . 9 3 8  g .  9 8 . 4 5 ^ ) .  The 
o r g a n i c  s o l v e n t s  i n  t h e  m o th e r  l i q u o r  w e r e  v a p o r i s e d  o f f  on 
a w a t e r  b a t h ,  t h e  r e s i d u e  was d i s s o l v e d  i n  b e n z e n e  and d r i e d  
o v e r  c a l c i u m  c h l o r i d e .  B e n z e n e  was d i s t i l l e d  o f f  from t h e  
s o l u t i o n  l e a v i n g  b eh in d  t h e  coizpound -  a b r o w n is h  s t i c k y  
s u b s t a n c e  ( 1 . 7 9  g ; ,  9 4 ^ ) .  I t  s o l i d i f i e d  u n d e r  e t h a n o l ,  was  
f i l t e r e d  and d r i e d  ( 0 . 8 5  g.^ 4 4 . 9 ^ )  m .p .  7 7  -  8 0^ .  R e c r y s t a l l i s a r -  
t i o n  from  a l c o h o l  r a i s e d  t h e  ra.p. t o  80 -  81 ^ .
Mixed m e l t i n g  p o i n t  w i t h  t h e  m a t e r i a l  fro m  t h e  f i r s t  
p r e p a r a t i o n ,  80  -  8 1 ^ .  The i n f r a o r e d  s p e c t r u m  was a l s o  
v e r y  c l o s e l y  s i m i l a r .
q o
8,8*  -  B i s (methexymet h y l )  -  1 , 1 * - b in a p h t h y l
CM <
8 , 8 *  -  B i s ( b r o r a o m e t h y l )  -  1 , 1 *  -  b i n a p h t h y l  ( 2 g .  )
was d i s s o l v e d  i n  b o i l i n g  m e t h y l  a l c o h o l  and e x c e s s  o f  s i l v e r
n i t r a t e  was added# On c o o l i n g  t h e  p r e c i p i t a t e  o f  s i l v e r
brom ide  was f i l t e r e d  o f f ,  washed w i t h  w a t e r ,  e t h e r ,  a l c o h o l
and b e n z e n e  r e s p e c t i v e l y .  The  f i l t r a t e  was e v a p o r a t e d  on
a w a t e r - b a t h  and t h e  r e s i d u e  o b t a i n e d  was e x t r a c t e d  w i t h
b e n z e n e .  The b e n z e n e  s o l u t i o n  was wajshed w i t h  w a t e r  t w i c e
and d r i e d  o v e r  c a l c i u m  c h l o r i d e .  The b e n z e n e  was t h e n  removed
by  d i s t i l l a t i o n  and t h e  o i l y  r e s i d u e  o b t a i n e d  was s o l i d i f i e d
on t r i t u r a t i o n  w i t h  m e t h y l  a l c o h o l  ( l . 5 1 2 g . ) m .p .  63- 68^.
C r y s t a l l i z a t i o n  from m e t h y l a t e d  s p i r i t  g a v e  c o l o u r l e s s  p l a t e s .  
0
m .p .  72  -  73 • I t  was t h e n  r e c r y s t a l l i z e d  from  m e t h y l a t e d  
s p i r i t ,  m .p .  72 -  73° «
(pound: G , 8i+.5; H , 0 , 9 . 2  . ^2l^22'’^ 2
r e q u i r e s  0 , 8 4 . 2 ;  H ,  6 . 5 ;  0 , 9 . 3 ^ ) .
8 , 8 *  -  Bi s ( inet h y l e n e q ù i n o l in u m  b r o m i d e ) -  1 , l * ^ b i n ai3h t b y l «
e
8 ,8 *  -  B i s ( b r o m o m e t h y l )  -  1 , 1 *  -  b i n a p h t h y l  ( i g .  ) 
was d i s s o l v e d  i n  h o t  q u i n o l i n e  ( lO  m l . ) .  I t  was th e n  a l l o w e d  
t o  s t a n d  o v e r n i g h t ,  n e e d l e  shaped c r y s t a l s  w e r e  o b t a i n e d ,  
w h ic h  w ere  f i l t e r e d ,  washed w e l l  w i t h  b e n z e n e  and d r i e d  ( l * 6 5 g, 
m .p .  190  -  195^# I t  was th e n  r e c r y s t a l l i z e d  from  w a t e r  ( 0 . 9 g )  
m .p .  2 0 3  -  205^ (decom p .  ) .
(Found: C ,  6 8 . 7 ;  H ,  1+.5; N ,  3 . 9 ;  B r , 2 3 . 0 .  O^^H3o02Br2
r e q u i r e s  0 , 6 8 . 8 ;  H ,  4 . 3 ;  F ,  4 . 0 ;  B r ,2 2 . 9 i ^ ) »
(± )  -  8 , 8 ’ -  D im ethy l  -  1 .1 ^ - b in a p h th y l
8 , 8 ’ -  B i s ( b r o r a o m e t h y l ) - - l , l ’ -  b i n a p h t h y l  ( 5 g .  IM. ) 
i n  sod ium d r i e d  e t h e r  ( 5 0 0  ml* ) was added t o  a w e l l  
s t i r e d  s o l u t i o n  o f  l i t h i u m  a lu m in iu m  h y d r i d e  ( l . i i g  -  6 M) 
i n  t h e  same s o l v e n t  ( 1 5 0 0  m l .  ) and t h e  m i x t u r e  was h e a t e d  
u n d e r  r e f l u x  f o r  two h o u r s .  The e x c e s s  o f  l i t h i u m  a lu m in iu m  
h y d r i d e  was decom posed  w i t h  e t h y l  a c e t a t e  and e x c e s s  o f  
p o t a s s i u m  h y d r o x i d e  was a d d e d .  The e t h e r  l a y e r  was s e p a r a t e d  
and t h e  a q u e o u s  l a y e r  was e x t r a c t e d  w i t h  a b e n z e n e  -  e t h e r  
m i x t u r e .  The combined o r g a n i c  l a y e r s  w ere  washed w e l l  w i t h  
w a t e r  t w i c e  and d r i e d  o v e r  m agnesium  s u l p h a t e .  Magnesium  
s u l p h a t e  was removed by  f i l t r a t i o n  and washed t w i c e  w i t h  
«  s m a l l  p o r t i o n s  o f  d r y  e t h e r .  The s o l u t i o n  was d i s t i l l e d  
a l m o s t  t o  d r y n e s s .  The r e s i d u e ,  c r y s t a l l i n e  t h i c k  n e e d l e s  
( 3 . 1 5 g  -  1 0 0 ^ )  was o b t a i n e d .  m .p .  1 2 3  -  1 2 7 ^ .  R e c r y s t a l l i z a ­
t i o n  from  e t h e r  gav e  c o l o u r l e s s  c r y s t a l s  m p.130^5 -  1 3 1 ^ .
(Pound: 0 ,  9 3 . 5 ;  H ,  6 .U .  0 2 2 ^ 1 8  r e q u i r e s
C ,  9 3 . 6 ;  H ,
Broml n a t i o n o f  8 , 8 ’ -  d i m e t h y l  -  1 , 1 ’ -  b i n a p h t h y l .
9 5
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Brom ine  ( 0 . 7 5  ml# ) i n  200  m l .  o f  c a r b o n  t e t r a c h l o r i d e
was added d u r i n g  2^ h o u r s  t o  a w e l l  s t i r r e d  s o l u t i o n  a f
8 , 8 ’ -  d i m e t h y l - 1 , 1 ’ -  b i n a p h t h y l  ( 2g .  ) i n  25 m l ,  o f  c a r b o n
o
t e t r a c h l o r i d e ,  w i t h  a s m a l l  amount i r o n  and i o d i n e ,  a t  - 7  .
1 0S t i r r i n g  was c o n t i n u e d  f o r  f u r t h e r  l i  h o u r s  a t  - 7  and t h e  
m i x t u r e  was t h e n  l e f t  f o r  two h o u r s .
As t h e  t e m p e r a t u r e  r o s e  t h e  e x c e s s  o f  b rom ine  was  
removed by  a d d i n g  2N s o d iu m  h y d r o x i d e  and w a t e r .  The m i x t u r e  
was e v a p o r a t e d  on a w a t e r - b a t h ,  t h e  r e s i d u e  o b t a i n e d  was  
e x t r a c t e d  w i t h  c h l o r o f o r m  and t h e n  d r i e d  o v e r  c a l c i u m  c h l o r i d e *
The c h l o r o f o r m  was removed by d i s t i l l a t i o n  and t h e  r e s i d u e
was e x t r a c t e d  w i t h  e t h e r .  The e t h e r  i n s o l u b l e  n a t t e r  ( 0 . 6 g . ) 
was c r y s t a l l i z e d  from  b e n z e n e  and t h e n  from  a c e t o n e .  N e e d l e  
shaped  c r y s t a l s  w e r e  o b t a i n e d ,  m .p .  241 -  242^.
(Pound: 0 ,  6 o . l 5 ;  H , 3 . 7 ;  B r ,  3 6 . 1 4 *  (^22^l6^^2
r e q u i r e s  C,6o.O; H ,3 # 7 ;  B r ,  3 6 . 3 ^ ) .
The e t h e r  s o l u b l e  p o r t i o n  was e v a p o r a t e d  t o  d r y n e s s .
o
A b r o w n is h  r e s i d u e  was o b t a i n e d  ( l * 9 5 g * ) ,  m .p .  105 -  1 1 2  , 
w h ic h  was  d i s s o l v e d  i n  m e t h y l a t e d  s p i r i t ,  b o i l e d  w i t h  
c h a r c o a l  and f i l t e r e d  ; l i g h t  y e l l o w  c o l o u r e d  p l a t e s  s e p a r a t e d ,  
ra.p.  11 2  -  115^ ( c l e a r  a t  1 2 0 ® ) ,  I t  was t h e n  r e c r y s t a l l i z e d  
from  m e t h y l a t e d  s p i r i t ,  m .p .  123  -  125 . 5^,
(Pound: C ,  6 1 , 8 8 ;  H ,  3 . 9 ;  B r ,  3 4 . 1 4 *  0 2 2 ^ 1 6 ^ ^ 2
r e q u i r e s  0 ,  60 . 0 ,  H ,  3 . 7 ;  B r ,  3 6 . 3%).
N o t e : -  Most  p r o b a b l y  t h e  a b o v e  compounds a r e  4 , 4 ’ - d ib r o m o ,
and 5 , 5 ’ -  d ibrom o -  8 , 8 ’ -  d i m e t h y l - 1 , 1 ’ - b i n a p h t h y l ,  
but  t h e r e  a r e ^ s o  o t h e r  p o s s i b i l i t i e s .
A5
yhe c o n d e n s a t i on o f  8 ,8 *  - b i s b r o m om ethyl- 1 ,1  * « -b in a p h th y l  




8 , 8  *- B i s ( br omome t h y l ) - 1 , 1  *- b i n a p h t h y l ( 2 g . ) d i s s o l v e d  
i n  b e n z e n e ,  and d i a l l y l a m i n e  were a l l o w e d  t o  r e a c t  a t  
5 0 -5 5 ^  ( o v e r  h o t  p l a t e )  f o r  2 - 3  h o u r s w h i t e  c r y s t a l l i n e  
compound s e p a r a t e d ,  which was f i l t e r e d ,  washed w i t h
b e n z e n e  and d r i e d  ( 2 . 2 g . )  m .p .  165-181*.^, R e c r y s t a l l i z a t i o n
/
from  w a t e r  g a v e  w h i t e  l o n g  n e e d l e s  m .p .  190-191*^.
Pound: G ,  72.2; H, 5 .84; N ,3 .1 5 ,  Br,l8;( . -  c a l c u l a t e d  
f o r  OggHggN.Br. 0 ,7 3 .6 ;  H,5.74; N ,3 .1 ,  B r .  17.5^
q6
li/jeth y l  b e n zo -1  ’ , 2 *- | b e n z a n t h r o n e ) - 5 * K îa r b o x y l a t e
C V V O O C oo
T h i s  compound has  been  prepared  by R u le  and Smith
( ^ ; ^ 1 9 3 7 ,  1096 )  ^ t h e  y i e l d  was o n l y  50% so  i t  was t r i e d  t o  
t^‘5
p r e p a r e  t t  a t  room t e m p e r a t u r e , and the  y i e l d  was found 
t o  be  v e r y  good. I t  was a l s o  prepared  by t h e  a c t i o n  o f  
d ia z o m e th a n e  on b e n z o -  1 , 2 * - ( b e n z a n t h r o n e )  -  3 ’ - c a r b o x y l i c  
a c i d .
(a )  C o n c e n tr a te d  s u l p h u r i c  a c i d  (25  m l . )  was added t o
w e l l  powdered d i m e t h y l  -  1 , 1 * -  b i n a p h t h y l  -  8 , 8 * - d i c a r b o x y l a t e  
( 2 g . )  w i th  c o n s t a n t  s t i r r i n g  w ith  t h e  r o d . I t  was t h e n  l e f t  
a t  room te m p e r a t u r e  f o r  abou t  20 -  30 m i n u t e s ,  t h e  c o l o u r  
changed from brown t o  d a r k  b r i g h t  r e d .  T h is  red c o lo u r e d  
p r o d u c t  was p o u r e ê  i n t o  i c e  co ld  w a t e r , an orange  y e l l o w  
p r e c i p i t a t e  r e s u l t e d ,  which was f i l t e r e d ,  washed w e l l  w i t h  
w a t e r , w i th  sodium c a r b o n a t e  and th e n  a g a i n  w i t h  w a t e r  and 
d r i e d .
The r e s i d u e  was e x t r a c t e d  w i t h  a c e t o n e ,  l e a v i n g  a 
d a rk  o r an g e  i n s o l u b l e  r e s i d u e  o f  a n t h a n t h r o n e  ( O . l g . ) The 
a c e t o n e  s o l u t i o n  was th e n  e v ap o ra ted  to d r y n e s s ,  from t h e
qy
r e s i d u e  an o r a n g e - y e l l o w  c r y s t a l l i n e  compound ( l * 6 g .  ) was  
o b t a i n e d  m.p.  1 4 9 - 1 5 7 ° #  I t  was th e n  r e c r y s t a l l i z e d  from  
m e t h y l a t e d  s p i r i t ,  m .p .  1 5 8 - 1 5 9 ° *  Y i e l d  ( l . 4 2 g . ) .
(Found: C ,  8 1 . 5 ;  H, 4 . 2 ;  0 , 1 4 . 2 ,  ^23^4^3
r e q u i r e s  0 ,  81,6; H ,  4 . 2 ;  0 .1 4 # 2 ? 2 ) .
(}>) B e n z o - 1 ’ , 2 * - 7 , 8 - b e n z a n t h r o n e - 3 *- 8 a r b o x y l i c  a c i d ,
( 0 . 5 g )  was added s l o w l y  t o  t h e  c o ld  e t h e r e a l  s o l u t i o n  o f  
d ia z o m e t h a n e  ( 1 0  m l ^  0 . 1 2 5 g ) .  I t  d i s s o l v e d  w i th  e f f e r v e s c e n c e .  
When t h e  r e a c t i o n  was c o m p l e t e ,  t h e  e t h e r  was e v a p o r a te d  and 
t h e  r e s u l t i n g  y e l l o w  p r o d u c t  was washed w e l l  w ith  sod ium  
c a r b o n a t e ,  and th e n  w i th  w a t e r ,  and d r i e d  ( 0 . 4 7 g ) .  I t  was 
t h e n  d i s s o l v e d  i n  m e t h y l a t e d  s p i r i t ,  f i l t e r e d ,  and c o n c e n t r a t e d  
t o  a b o u t  h a l f  o f  i t s  v o lu m e .  A. y e l l o w  c r y s t a l l i n e  compound 
s e p a r a t e d  ( 0 . 3 g )  m .p .  1 5 5 - 1 5 8 ° .  I t  was r e o r y s t a l l i z e d  from  
m e t h y l a t e d  s p i r i t ,  m .p .  =■ 1 5 7 . 5  -  1 5 9 ° .
T h er e  was no d e p r e s s i o n  when t h e  mixed m e l t i n g  p o i n t  
w i t h  t h e  coiTpound p r e v i o u s l y  o b t a i n e d  was t a k e n .  The i n f r a  
red s p e c t r u m  was a l s o  v e r y  c l o s e l y  s i m i l a r .
B e n z o - I , 2 - 7 , b - ( b e n z a n t h r o n e ) - j - c a r b o x y l i c  a c i a
T h is  compound h a s  b e e n  p r e p a r e d  i n  lo w  
y i e l d  by  R u le  and S m ith  (_J_. , 1 9 3 7 , 1 0 9 6 )  and by  S u t c l i f f e  
( J » , 1 9 5 2 , 1 2 4 7 ) , t h e r e f o r e  m o d i f i e d  m e th o d s  o f  p r e p a r a t i o n  
w e r e  d e v e l o p e d ,  and t h e  y i e l d s  w ere  f o u n d  t o  be  v e r y  
g o o d .
1 , 1 ’ - B i n a p h t h y l - 6  ,6  ’ - d i c a r b o x j ^ l i c  a c i d (  lO g .  ) 
was h e a t e d  u n d e r  r e f l u x  w i t h  a c e t i c  a n h y d r i d e  ( 150 m l . )  
f o r  two h o u r s .  A c l e a r  y e l l o w  s o l u t i o n  was o b t a i n e d  
w h ic h  was f i l t e r e d  and c o n c e n t r a t e d  t o  a  v e r y  s m a l l  vo lum e  
w h ic h  on c o o l i n g  g a v e  a  y e l l o w  n e e d l e  sh a p e d  c r y s t a l l i n e  
compound,m#.p. 156  1 5 7 ,  w h ic h  on r e c r y s t a l l i s a t i o n  from  
m e t h y l a t e d  g a v e  m . p .  1 5 6 - 1 5 7  , T h i s  compound was t h o u g h t  
t o  b e  m ix e d  a n h y d r i d e .  (A»S . M e l l o r  Ph.I)  T h e s i s  (London)  
1 9 6 1 , 1 2 7 ) .  b e c a u s e  t h e  i n f r a r e d  s p e c t r u m  showed p e a k  
a t  1608  cm and I 7 2 I  cm w h ic h  i s  a  c h a r a c t e r s t i c  o f  an anhyidri(  
a n h y d r i d e ,
. p .  290 -  291 . 5° .  T h is  i s ,  p r e su m a b ly ,  th e  r e q u ire d  p r o d u c t .
44
T h l 8\oompound when heated  above  I t s  m e l t i n g  p o i n t  it-  
bubbled and went c l o u d y  and a t  about 1 90 -  200°  i t  
s o l i d i f i e d  a s  an orange  s o l i d :  h e a t i n g  was cont inu ed  and 
i t  m elted  w i t h  d e c o m p o s i t i o n  a t  280 -  300° .
The mixed a n h y d r id e  was a g a i n  d i s s o l v e d  in  a c e t i c  
a n h y d r id e  and c o n c e n tr a te d  to  d r y n e s s .  An orange  p rod u ct  
was o b t a i n e d , which was d i s s o l v e d  in  a l k a l i ,  f i l t e r e d  and th e  
f i l t r a t e  a c i d i f i e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d .  The  
r e s u l t i n g  y e l l o w  p r e c i p i t a t e  was f i l t e r e d , washed w ith  w ater  
and d r i e d  ( 7 . 2 g .  ) .  I t  was then  c r y s t a l l i z e d  from t o l u e n e ,  
m
(Pound: 0 , 8 1 . 4 5 ;  H ,  4 . 0 9 ;  0 , 1 4 . 5 5 ,  022^ 12^3
r e q u i r e s  0 , 8 1 . 4 7 ;  H, 3 . 7 3 ;  0 ,1 4 .7 9 % ) .
B r a d l e y  and S u t c l i f f e ,  1 9 5 2 ,  1 2 4 7 ,  Rule  and Smith ^;^1937, 
1096 , and A .S .  M e l lo r  (P h .D .  T h e s i s  L ondon , 1 9 ^ 1 .1 2 7 )  gave  
ra.p. 2 7 9  - 2 8 0 ° .  /
(b) S u lp h u r ic  a c id  (25  ml.  75^) was c o o le d  in  i c e  and added
t o  f i n e l y  powdered 1 , 1 * -  b i n a p h t h y l  -  8 , 8 * -  d i c a r b o x y l i c  
a c id  ( 5 g .  ) More c o n c e n t r a t e d  a c id  ( c o o l e d )  was added.  The 
d a rk  red c o lou red  s o l u t i o n  r e s u l t e d , which was kept  10 
m in u te s  i n  th e  i c e  m ix tu r e  and th e n  1 5 -2 0  m inu tes  a t  room 
t e m p e r a t u r e .  The dark  red c o lo u r e d  s o l u t i o n  was poured i n t o  
i c e  c o ld  w ater:  an orange  p r e c i p i t a t e  was ob ta in ed  , which  
was f i l t e r e d  and washed t h r o u g h ly  w i th  w a t e r .  The r e s i d u e
(.Crû
O b t a in e d  was d i s s o l v e d  i n  a l k a l i ,  and f i l t e r e d  from  t h e  d a r k  
o r a n g e  c o l o u r e d  i n s o l u b l e  m a t e r i a l  ( a n t h a n t h r o n e ) .
The f i l t r a t e  was p r e c i p i t a t e d  w i t h  d i l u t e  h y d r o c h l o r i c  
a c i d  and t h e  y e l l o w  p r o d u c t  o b t a i n e d  was f i l t e r e d ,  w ashed  
w i t h  w a t e r  and  d r i e d  ( 4 . 2g. ) m . p .  288 -  292°. I t  was t h e n  
r e c r y s t a l l i z e d  f r o m  m e t h y l a t e d  s p i r i t .  m . p .  291 -  2 9 2 . 5 °* 
( F o u n d :  0 ,8 1 .5 ;  H,5*9; 0 ,14 .8^  022^ 1 ^ ^
r e q u i r e s  0 ,8 1 .5 ;  H,3*7; 0 , l 4 * 8 / t ) .
lôi
P r e p a r a t i o n  o f  a n t h a n t h r o n e ^from 1 , 1 *  -  b i n a p h t h y l  - 8 . 8 * -  
d l c a r b o x y l i c  a c i d .
( J . Cbem. S o c  ^ J a p a n ,  , 1 9 5 2 ,  5 5 . U 8 5 * ) .
■CO
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The powdered 1 ,1 *  -  b i n a p h t h y l  -  8 ,8 *  -  d i c a r b o x y l i c  
a c i d  ( l , 5 g . ) and c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( 5  m l . ) were  
h e a t e d  on w a t e r  b a t h  f o r  one h o u r .  The c o l o u r  changed from  
brown t o  red and t h e n  t o  d a r k  g r e e n .  A f t e r  c o o l i n g  t h e  
r e a c t i o n  m i x t u r e  was  p o u red  i n t o  i c e  c o ld  w a t e r .  A d a r k  
o r a n g e  p r e c i p i t a t e  r e s u l t e d , which  was f i l t e r e d  , washed w i t h  
w a t e r ,  washed w i t h  so d iu m  c a r b o n a t e  s o l u t i o n  t o  remove a n y  
c a r b o x y l i c  a c i d  and f i l t e r e d ^  I t  was th e n  washed w e l l  w i t h  
w a t e r  and d r i e d  a t  110® ( l . 6 5 g .  ). The c r u d e  m a t e r i a l  was  
c r y s t a l l i z e d  from n i t r o b e n z e n e .  F in e  y e l l o w  o r a n g e  n e e d l e s  
w ere  o b t a i n e d  m .p .  ^ 3 5 0 ^ *
■^CÎ.Ô'VVv
The i n f r a  red  s p e c t r u m  wsns v e r y  c l o s e l y  t h a t  o f  
a n t h a n t h r o n e  p u r c h a s e d  from  L i g h t s  and Co. and t h a t  g i v e n  
i n  infra=^red s p e c t r u m  d a t a ,  Amer i c a n  p e t r o leu m  i n s t i t u t e  
r e s e a rch  p r o ; je o t  No.  UU ( 2 3 2 2 ) .
8 - Meth o x y c a r b o n y l - 8 ’ - hyd r o x y m e t h y l - 1 , 1 ' - b i n a p h t h y l .
 ^ o t c h ô H
A s u s p e n s i o n  o f  d i r a e t h y l - 1 j l ^ - P i n a p h t h y l - S , 8 * -  
d i c a r b o x y l a t e  ( 5 g * )  i n  7 5 0  m l .  o f  s o d i u m  d r i e d  e t h e r  was  
added t o  a w e l l  s t i r r e d  s o l u t i o n  o f  l i t h i u m  a lu m in iu m  
h y d r i d e  ( i g . ) i n  7 5 0  m l .  o f  t h e  sa m e  s o l v e n t .  The s t i r r i n g  
was c o n t i n u e d  f o r  a f u r t h e r  o n e  hour  a t  room t e m p e r a t u r e  .
The e x c e s s  o f  m e t a l  h y d r i d e  was d eco m p o sed  by  
a d d i n g  w a t e r  ( i  -  1 d r o p  a t  a t i m e )  and d i l u t e  s u l p h u r i c  
a c i d  was a d d e d .  The two l a y e r s  w e r e  s e p a r a t e d .  The a q u e o u s  
l a y e r  was e x t r a c t e d  w i t h  e t h e r  and t h e  com bined e t h e r  
e x t r a c t  was  washed t w i c e  w i t h  w a t e r  and d r i e d  o v e r  c a l c i u m  
c h l o r i d e .  The c a l c i u m  c h l o r i d e  w a s  removed by  f i l t r a t i o n  
and washed t w i c e  w i t h  s m a l l  p o r t i o n s  o f  d r y  e t h e r .  The 
e t h e r  w a s  t h e n  d i s t i l l e d  o f f  and t h e  r e s i d u e  a s t i c k y  
s u b s t a n c e  ( 4 . 7  g .  ) was s o l i d i f i e d  b y  t r i t u r a t i o n  w i t h
b e n z e n e  ( 4 . 2 g . ) . I t  m e l t e d  p a r t l y  a t  l O I - I u y  a n d  c l e a r e d
o
a t  1 2 0 .  I t  was a  m i x t u r e  ox d i m e t n y /  e s t e r  , n y d r o x y e s t e r  
a n d  t n e  cL io l(  by t h e  i n v e s t i g a t i o n  o r  t h i s  m i x t u r e  by 
t h i n  l a y e r  c h r o m a t o g r a p h y ) . T h e  m i x t u r e  w a s  s e p a r a t e d  
b y  p a s s i n g  i t  t h r o u g h  a  c o l u m n  p a c k e d  w i t h  a l u m i n a  
u s i n g  e t h e r / b e n z e n e  m i x t u r e  ( 1 : 1 0 ) a s  a n  e l u t i n g  
s o l v e n t .  D i m e t h y l  e s t e r  ( O . I 2 g . )  w a s  c o l l e c t e d  f r o m  t h e  
f i r s t  f e w  f r a c t i o n s , a n d  t h a n  h y d r o x y e s t e r  w as  c o l l e c t e d
o
( 2 . 3 g . )  m . p .  I 2 7 - I j O . T h e  d i o l  came o u t  i n  t h e  l a s t .
T h e  h y d r o x y  e s t e r  v /as c r y s t a l l i s e d  f r o m  b e n z e n e .
o
T he  n e e d l e  s h a p e d  c r y s t a l s  m e l t e d  a t  1 3 0 . 5 - 1 3 1 . 5  
F o u n d :  G H ,  S 3. 0 ,  G2jH^^ 0^ r e q _ u i r e s
C) r H ,  6-3:, D, tifo 2 '
loLj
8 , 8 ^  -  B i  3 ( h yd r  oX.vme t  h.vl ) -  1 , 1 *  -  b i n a p h t h y l  o b t a i n e d
by  t h e  r e d u c t i o n  o f  8 -  m eth o x y c a r b o n y l  -  8* -  h y d r o x y m eth y l -
8* -  h y d r o x y m e t h y l  -  1 , 1 ’ -  b i n a p h t h y l .
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8 T  M e t h o x y c a r b o n y l  -  8* -  h y d r o x y m e t h y l  -  1 , 1 *  -  
b i n a p h t h y l  ( 0 . 6 g . ) i n  1 5 0  m l .  o f  so d iu m  d r i e d  e t h e r  was  
added t o  a w e l l  s t i r r e d  s o l u t i o n  o f  l i t h i u m  a lu m in iu m  
h y d r i d e  ( 0 . 5 g .  ) i n  2 0 0  m l .  o f  t h e  same s o l v e n t .  The r e a c t i o n  
m i x t u r e  was t h e n  h e a t e d  u n d e r  r e f l u x  f o r  t h r e e  h o u r s .
E x c e s s  o f  l i t h i u m  a l u m i n i u m  h y d r i d e  was d ecom p osed  
c a r e f u l l y  f i r s t  w i t h  w a ter  and t h e n  w i t h  d i l u t e  s u l p h u r i c
a c i d .  The two l a y e r s  w ere  s e p a r a t e d ,  t h e  a q u e o u s  l a y e r  was
/
e x t r a c t e d  t w i c e  w i t h  e t h e r  and t h e  com bined e t h e r  l a y e r s
w ere  washed t w i c e  w i t h  w a t e r .  I t  w a s  t h e n  d r i e d  o v e r  c a l c i u m
c h l o r i d e ,  and t h e  e t h e r  was removed by  d i s t i l l a t i o n .  The
r e s i d u e  o b t a i n e d  was d i s s o l v e d  i n  b e n z e n e ,  b o i l e d  w i t h  a
l i t t l e  c h a r c o a l  and f i l t e r e d .  C o l o u r l e s s  h e x a g o n a l  c r y s t a l s
s e p a r a t e d  ( 0 . 2 5 g . ) m .p .  1 5 0 - 1 5 1 ^ *  Mixed m e l t i n g  p o i n t  w i t h
o^
p i g s )  t h e  d i o l  p r e v i o u s l y  p r e p a r e d  1 5 0 - 1 5 1  • The i n f r a  red s p e c t r u m
to
was a l s o  v e r y  c l o s e l y  s i m i l a r  w&th t h a t  o f  t h e  d i o l .
Ob
8 ^ Meth o x y ca rbonyl  -  8* -  bromomet h y l - 1 , 1 ’ - b in aph t h y l
8 -  M e t h o x y c a r b o n y l  -  8 * - h y d r o x y m e t h y l - 1 , 1 * - b i n a p h t h y l  
( 0 * 3 g * )  was d i s s o l v e d  i n  h o t  g l a c i a l  a c e t i c  a c i d  ( 1 0  m l . )  
and 10  m l .  o f  h y d r o b r o m lc  a c i d  (d 1 . 5 )  was a d d e d .  The  
y e l l o w  compound o b t a i n e d  t h e r e b y  was f i l t e r e d , washed  
thorough ly  w i t h  w a t e r  and d r i e d  ( 0 . 2 5 g . ) m .p .  120-12U^*
A
I t  was c r y s t a l l i z e d  from  a c e t o n e  m .p .  1 2 8 . 5  -  1 3 0 ^ .
(Pound:  0 , 6 8 . 5 »  H ,  4 . 3 »  B r , 2 0 . 8 ,  ^ 2 3 ^ l7 ^ 2 ^ ^ 2
r e q u i r e s  0 , 6 8 . 2 ;  H , 4 . 2 ;  B r ,  1 9 . 8 ^ ) .
l o6
( ± )  -  1 , 1 *  -  Bi n a p h t h y l .
( N a t h a n  K o r n b l u m  and D a v i d  L .  K e n d a l l ,  J . A . G . 3 . ,  1 9 5 2 ,
7U.  5 7 8 2 . )  T h i s  compound w a s  p r e p a r e d  i n  o r d e r  t o  h a v e  i t s  
i n f r a c r e d  s p e c t r u m  f o r  c o m p a r i s o n  p u r p o s e s .
^  -  l o d o n a p h t h a l e n e  ( 2 0 g* ) and  d i r æ t h y l  f o r m a m id e  
( 1 0 0  m l . )  w e r e  p l a c e d  i n  2 0 0  m l .  3  -  n e c k e d  f l a s k  e q u i p p e d  
w i t h  r e f l u x  c o n d e n s e r  and  t h e  T a n t a l u m - H e r s h b e r g  t y p e  s t i r r e r .  
T h e  s o l u t i o n  w as  h e a t e d  t o  b o i l i n g  a n d  20 g .  o f  c o p p e r  p o w d e r
w e r e  a d d e d  i n  o n e  p o r t i o n ;  h e a t i n g  a t  b o i l i n g  p o i n t  w as  c o n t i n u
/
- e d  f o r  s i x  h o u r s  a f t e r  w h i c h  a n o t h e r  2 0  g . p o r t i o n  o f  t h e
c o p p e r  p o w d e r  w as  a d d e d  and t h e  h e a t i n g  was c o n t i n u e d  f o r
a n o t h e r  18  h o u r n  p e r i o d .
A f t e r  c o o l i n g  t h e  r e a c t i o n  m i x t u r e  w a s  p o u r e d  i n t o
tw o  l i t r e s  o f  w a t e r  t o  r e m o v e  d i m e t h y l  f o r m a m i d e  and t h e n
f i l t e r e d .  T h e  s o l i d  was e x t r a c t e d  w i t h  b e n z e n e  a n d  t h e  r e s i d u e
w a s  w a s h e d  w e l l  w i t h  b e n z e n e .  The b e n z e n e  was  t h e n  d i s t i l l e d
o f f ;  t h e  r e s i d u e  ( 7 . 5 9  g .  ) w a s  c r y s t a l l i z e d  f r o m  g l a c i a l
* 0^a c e t i c  a c i d . T h e  s h i n i n g  c r y s t a l s  m e l t e d  a t  I 4 I4 ~ 11^5 .  Y i e l d
-  C . 6>« Haxvu
loy
( + ) - ! . 1 * " B in a p h t h y l
( b )  ( S o h o e p f l e ,  J .  A .G .8 . .  1 9 2 3 .  1 5 6 6 )
B ro m on a p h th a le n e  ( 7 5 g )  Copper b r o n z e  ( 2 8 g )  and i o d i n e  
( l * 9à were h e a t e d  f o r  4 -5  h o u r s  i n  a m e t a l  b a t h ,  w hich  was k e p t  
a t  a t e m p e r a t u r e  o f  280-285^# The m i x t u r e  was s t i r r e d  o c c a s s i o n a l l y ,  
On c o o l i n g  t h e  r e a c t i o n  p r o d u c t  was e x t r a c t e d  w i t h  ben zen e*  The 
r e s i d u e  was washed w e l l  w i t h  ben zen e*  I t  was v e r y  d i f f i c u l t  
t o  f i l t e r  t h a t  s o  t o  f a c i l a t e  t h e  f i l t e r i n g  o f  t h e  f i n e l y  
powdered c u p r o u s  brom ide  K i e s e l g u h r  s a l t  was u sed *  The 
f i l t r a t e  was c o n c e n t r a t e d :  b e n z e n e  was r e m o v e d ,  t h e  r e s i d u e  
was washed w e l l  w i t h  a s m a l l  q u a n t i t y  o f  m e t h y l a t e d  s p i r i t  to  
remove t h e  s t i c k y  s u b s t a n c e  and t h e  r e m a in d e r  was th e n  d r i e d  
and w eighed ( 2 . 5 g)  t h e  cru d e  b i n a p h t h y l  was c r y s t a l l i z e d  
from  m e t h y l a t e d  s p i r i t  ( 1 9 . 5 g )  m .p .  1 3 5 - 1 4 0 ,  i t  was r e c r y s t a ­
l l i z e d  from a c e t i c  a c i d  ( 1 2 . 6g )  m .p .  1 4 3 ~ 1 4 4 ^ .  T h i s  c r y s t a l l i n e  
compound was d i s s o l v e d  i n  p e t r o l e u m  e t h e r  ( 4 Cu6 o^) u n d e r  
r e f l u x .  On s t a n d i n g  two t y p e s  o f  c r y s t a l s  w e r e  o b t a i n e d  ( 9 . 8 g ) .
( l )  m .p .  1 5 4 °  ( i i )  m .p .  1 5 9 ^ .  ( S c h o e p f l e  gave  t h e  m .p .  1 5 7 ° .
James F o r r e s t ,  1 9 6 0 ,  566 g a v e  1 5 5 - 1 5 6 ^  a n d ,  K ursanov and 
B l o k h i n a ,  J .G e n . G hem. ( U . S . S . R .  ) ,  1 9 3 8 , 8  , 1786  g a v e  1 5 7 - 1 5 8 ° »
fog"
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PART I I
( 1 )  O b t a i n i n g  o p t i c a l l y  a c t i v e  m a t e r i a l .
( 2 )  D e t e r m i n a t i o n  o f  V e l o c i t y  C o n s t a n t s  f o r
R a c é m i s a t i o n .
( 3 )  C a l c u l a t i o n  o f  A r r h e n i u s  P a r a m e t e r s  a n d  /
A b s o l u t e  R e a c t i o n  R a t e  T h e o r y  C o n s t a n t s .
( 4 )  R a c é m i s a t i o n  d a t a .
IOC}
De s c r i p t i o n  o f  p o l a r i m e t r i c  t e c h n i q u e
P o l a r i m e t r i c  e q u i pm ent .
A l l  t h e  p o l a r i m e t r i c  r e a d i n g s  w ere  t a k e n  on t h e  
\  om e r c u r y  g r e e n  l i n e  A =» 54-61 A u s i n g  a  v i s u a l  s p e c t r o -  
p o l a r i m e t e r  made b y  B e l l i n g h a m  and S t a n l e y ,
A t h e r m o s t a t  b a t h  c o n t a i n g  l l c e p a l  ( f r o m  P.W. B e r k ,  
E n g l a n d )  w as  u s e d  when t h e  m e a s u r e m e n t s  w e r e  made a t  h i g h e r  
t e m p e r a t u r e  t h a n  8 0 ° .  A t h e r m o m e t e r  was f i t t e d  i n  t h e r e  
t o  r e a d  t h e  t e m p e r a t u r e  t h r o u g h o u t  t h e  e x p e r i m e n t .  The 
t e m p e r a t u r e  was r e a d  n e a r e s t  t o  0 . 1 ^ .  P o r t i o n s  o f  t h e  
s o l u t i o n  w e r e  s e a l e d  i n  g l a s s  t u b e s  and  k e p t  i n  t h e  t h e r m o ­
s t a t  b a t h  and w e r e  removed a t  s u i t a b l e  i n t e r v a l s  o f  t i m e ,  
c o o l e d  q u i c k l y  and  t h e  r e a d i n g s  w e r e  t a k e n  u s i n g  a  1 dm, 
m i c r o  p o l a r i m e t e r  t u b e .
I n  t h e  c a s e  o f  8 -  m e t h o x y c a r b o n y l - 8 ^ - h y d r o x y m e t h y l  
- l , l * - b i n a p h t h y l ,  t h e  r a t e s  o f  r a c é m i s a t i o n  b e lo w  80^  w e r e  
m e a s u r e d  u s i n g  a  2 dm, c e n t r e - f i l l i n g  j a c k e t e d  p o l a r i m e t e r  
t u b e  ( H i l g e r s )  a n d  t h e  t e m p e r a t u r e  was  k e p t  c o n s t a n t  b y  a  
f a s t  s t r e a m  o f  w a t e r  pumped f r o m  t h e  t h e r m o s t a t  b a t h  
( c i r c o t h e r m )  t h r o u g h  t h e  j a c k e t .  A t h e r m o m e t e r  was f i t t e d  
i n  t h e  p o l a r i m e t e r  t u b e  t o  r e a d  t h e  t e m p e r a t u r e  and a  
c l o c k  m arked  i n  m i n u t e s  and  h u n d r e d t h  p a r t s  o f  a  m i n u t e  
was u s e d  and was f u l l y  wound a t  t h e  b e g i n n i n g  o f  e a c h  
e x p e r i m e n t .
wo
S o l v e n t ,
The r o t a t i o n s  o f  b r u c i n e  s a l t s  w ere  taken  i n  B , P ,  
c h l o r o f o r m  and o f  o t h e r  compounds i n  N , N - d i m e t h y l  form am ide .  
A l l  t h e  r a t e s  o f  r a c é m i s a t i o n s  w ere  f o l l o w e d  i n  d i m e t h y l  
form am ide  p u r c h a s e d  from H opkin  and W i l l i a m § ,  ( r e f r a c t i v e  
i n d e x  l . ! + 2 9 0  a t  25°) .
P r o c e d u r e ,
When t h e  r a t e s  o f  r a c é m i s a t i o n s  were  t o  be measured  
a t  h i g h e r  t e m p e r a t u r e ^  t h e  s o l v e n t  was added a t  t  = 0 ,  
t h e  s o l u t i o n  was f i l t e r e d  and one r e a d i n g  was t a k e n  a t  room 
t e m p e r a t u r e ,  t h e n  s e a l e d  i n t o  t u b e s  i n  1 , 5  m l,  p o r t i o n s  
and k e p t  i n  t h e  t h e r m o s t a t  b a t h .  The t u b e s  w ere  removed a t  
s u i t a b l e  i n t e r v a l s  o f  t i m e ,  c o o l e d  q u i c k l y  u n d e r  t h e  t a p  
and r e a d i n g s  were  t a k e n .  The  a v e r a g e  v a l u e s  o f  t h e  r e a d i n g  
w e re  u sed  t o  p l o t  t h e  graph o f  log^of{^o -  ^ a g a i n s t  t i m e
and good s t r a i g h t  l i n e s  w e re  o b t a i n e d .
When t h e  r a t e s  o f  r a c é m i s a t i o n s  w ere  measured b e lo w  
8 0 ^ ,  a t  t  =» 0 the  s o l v e n t  was added and t h e  s o l u t i o n  f i l t e r e d  
i n t o  t h e  p o l a r i m e t e r  t u b e .  The t e m p e r a t u r e  was n o te d  and 
t h e  r e a d i n g s  w ere  s t a r t e d  a s  soon a s  p o s s i b l e .  An o b s e r v a t i o n  
was a l w a y s  made much l a t e r  to  e n s u r e  t h a t  t h e  f i n a l  r o t a t i o n  
had gone t o  z e r o .
Over  s i x  r a t e  c o - e f f i c i e n t s  a t  d i f f e r e n t  t e m p e r a t u r e  
c o v e r i n g  t h e  r a n g e  3 0  -  4 5 °  w ere  o b t a i n e d  f o r  a l l  t h e  r a c é ­
m i s a t i o n s  o f  e a c h  compound i n  t h e  g i v e n  s o l v e n t .
ni
The compound was a l w a y s  r e c o v e r e d  from the  s o l u t i o n s  
a f t e r  r a c é m i s a t i o n s  and t h e  m e l t i n g  p o i n t s  and t h e  i n f r a r e d  
s p e c t r u m  were  t a k e n .
Ca l c u l â t i o n s .
The l o g a r i t h m  o f  t h e  a n g l e  o f  r o t a t i o n  was p l o t t e d  
a g a i n s t  t i m e  t ,  and t h e  s l o p e  o f  t h e  s t r a i g h t  l i n e  o b t a i n e d  
was used  to  c a l c u l a t e  t h e  r a t e  c o n s t a n t  k u s i n g  t h e  f i r s t  
o r d e r  r a t e  e q u a t i o n : -
‘x; 0 -
k  l o g n  — --------
= 2 . 3 0 3  "^ 0
--------------l o g -------------
t
Where k = r a t e  c o n s t a n t
t  = t i m e  i n  s e c o n d s  
o6o =» i n i t i a l  r o t a t i o n ,  
olji => r o t a t i o n  a f t e r  t i m e  t ,  
and t h e  h a l f  l i f e  p e r i o d s  were  c a l c u l a t e d  from t h e  c o r r e s p o n d i n g  
r a t e  c o e f f i c i e n t ,  u s i n g  t h e  e q u a t io n ^
V  =, l o g , ,    w h e re  x=a/2
-t a -  X
2 . 3 0 3
t& = __________ i e f 2 .
k
The  l o g a r i t h m  o f  t h e  r a t e  c o n s t a n t  k  was p l o t t e d  
a g a i n s t  t h e  r e c i p r o c a l  o f  t h e  a b s o l u t e  t e m p e r a t u r e  ( 0 ° 0  was 
t a k e n  a s  2 7 3 . 2°K) and t h e  s l o p e  o f  t h e  s t r a i g h t  l i n e  o b t a i n e d  
w as  u s e d  t o  c a l c u l a t e  t h e  A r r h e n i u s  p a r a m e t e r s  E and lo g ^ ^ A  
u s i n g  t h e  r e l a t i o n s h i p ^
-  E /
k  =* Ae RT
w h e re  S =» e n e r g y  o f  a c t i v a t i o n  
f o r  r a c é m i s a t i o n .
A = t h e  p r o b a b i l i t y  f a c t o r  
R -  g a s  c o n s t a n t .
T = a b s o l u t e  t e m p .
— E . 1  m .
l o g ^ Q k  = 2 . 3 0 3  R “
t h e r e f o r e  E -  2 . 3 0 3  RT x  lo g ^ Q  k  -  lOg^^QA*
As w e l l  a s  u s i n g  t h e  g r a p h i c ^  m ethod  t o  o b t a i n  (s 
f r o m  a  s e r i e s  o f  v a l u e s  o f  k  and t h e  e n e r g y  o f  a c t i v a t i o n
was  a l s o  c a l c u l a t e d  b y  t h e  m ethod  o f  l e a s t  s q u a r e s i s e e
113
I n t r odu c t i o n  t o  t h e  s t ud y o f  p h y s i c a l  c h e m i s t r y . H a m m e t t ,  
New Y o r k ,  Me Graw H t \ I H , 1 9 4 l ,  P . l 4 0 ) , v A ic h  s t a t e s  t h a t  f o r  a n  
e q u a t i o n  o f  t h e  form^
Y a + bx
w h e r e  a  and b a r e  c o n s t a n t s , a  nd x  and 
y  a r e  v a r i a b l e ^
b -  n ^ x  y  -  ^  X
n x ) ^
a = . A y  - A x .  y x
n A  x^ -  ( x ) ^
w r i t i n g  t h e  A r r h e n i u s  e q u a t i o n  i n  t h e  a b o v e  f o r m  we h a v e ^
= l o S i g A  -  2 . 3 0 3  K -  l o g ^ o  ^
F
n , - 2 . 3 0 3 R
w h e r e  Y =» ^  ^  ^  g -----f ^  ^
2 . 3 0 3  R
t h e r e f o r e  E =*
b
n A x ^  -  ( A x )
= 4.576 X ---------- -------------------
n A x y  -  ^x  x . ^ y
w h e re  n = t h e  number  o f  p o i n t s .
log]_o A * A  x2 y  - A x  .A yx
n ^ x 2  -  ( ; ^ _ x )
t/if
c a l c u l a t i o n  o f  t h e  T r a n s i t i o n  S t a t e  T h e o r y  f u n c t i o n s ,
A P , A H ,  and  A 8 f r o m  t h e  a b s o l u t e  r e a c t i o n  r a t e  t h e o r y  e g u a  
t i o n  ( G l a s s t o n e ,  L a i d  1 e r  and  g y r i n g , "The Th e o r y o f  B a t e  
P r o c e s s e s "  McGraw H i l l ,  Hew Y o rk  1 9 4 1 )  i n  t h e  form sy
k  =■ k
h - e  RT e R ( i )
pr
k  T - A  F 
k  = k  _ f     ( i i )
h e  RT
w h e r e  k  =* r a t e  c o n s t a n t ,
k  = B o l t z m a n n  c o n s t a n t3
k  -  t r a n s m i s s i o n  c o - e f f i c i e n t
h “ P l a n k ’ s  c o n s t a n t ,
P'
A H -  e n t h a l p y  o f  a c t i v a t i o n  f o r  
r a c é m i s a t i o n
PA F =• t h e  c h a n g e  i n  s t a n d a r d  f r e e  e n e r g y  
i n  r a c é m i s a t i o n .
A s -  t h e  e n t r o p y  o f  a c t i v a t i o n  f o r  
r a c é m i s a t i o n ,
R -  g a s  c o n s t a n t ,
T =* a b s o l u t e  t e m p e r a t u r e ,
A H ,  t h e  e n t h a l p y  o f  a c t i v a t i o n  was c a l c u l a t e d  f ro m  t h e  
r e l a t i o n s h i p ,
P-
A H =• S -  RT,
E b e i n g  o b ta in e (3  e x p e r i m e n t a l l y
- A y
RT
and from t h a  e q u a t i o n  ( i )
k T
k  = K ---------
h Ç.
logiok = logiok ____ + log^gT -
A S
R
A  H A  s
h
l o g ^ ^ k /T  =■ lo g ^ ^ k
k3 A H
2 . 3 0 3  RT 2 . 3 0 3  R 
A S ^
h 4 . 5 7 6 T 4 . 5 7 6
ihe
w h e n k t r a n s m is s i  on c o - e f f i c i e n t  was t a k e n  a s  u n i t y  and
6 — 
k =» 1 , 3 8 0  X 10 e r g / ^ o ^ ,  and h =» 6.624% 10 e r g - s e c
A S ^  a H^l o g , ^  k /T  => 1 0 . 3 1 9  +10 4 . 5 7 6 4 . 5 %
4 . 5 7 6  lo g ^ ^ k  = 1 0 .3 1 9  X 4 .5 7 6  + a S  





ifc /  /
A H  » - 4 . 576T log^Q k + 4 7 . 2 2  T. + A S  T
J:
A S  ,  t h e  e n t r o p y  o f  a c t i v a t i o n  f o r  r a c é m i s a t i o n  was  
c a l c u l a t e d  from t h e  e q u a t io n ^
,AS^= 4 .5 7 6  l o g i n  k /T  + B -  4 9 . 2>10
logj^Q k /T  = 1 0 . 3 1 9  + a s /"
4 . 5 ? 6
4 . 5 7 6  logj^Qk/T =* 1 0 . 3 1 9  x  4 . 5 7 6  + A S  -  
A S  = 4 . 5 7 6  logj^Q k /T  + A | _  -  U 7. .22
A n l
4 .5 7 S '
4 .5 7 6  l o g ^ g k /T  + B-RT_ -  4 7 . 2 2  (ah  = B-RT)
\I6
A 4 .5 7 6  logj^Q k /T  + S _ gT -  14.7 .2 2
=> 4 .5 7 6  l o g !  0  k /T  + E -  R -  4 7 . 2 2
T
= 4 .5 7 6  l o g i o  k /T  + 1 .9 8 7  -  4 7 .2 2
T
-  4 .5 7 6  lo g ^ o  V T  + ^  _  4 9 .2 0 7
( 2 )  t . f c  i ’ '
■"IT ' e  RT e  E
4 k  T RT -  E 7"
a R 2 _____ , j ------------------" ---------  ( s i n c e ^ H  » E-RT
“ T T  e  RT e E ^
, k T RT -  E ^  ^
® F ! -----------  ■> RT « g  BT ®
- .4
s u b s t i t u t i n g  t h e  v a l u e s  o f  k  , h /
f
^  1 ^  ^  ®
lo g ^ o ^  k  = l o S i o  k; — g_  + log^ ^ T  + l o g  e  -  eRT ”  R
'  Î " " °= 1 0  -
S .. t
^ . 3 0 3  RT ^ 7 3 0 3 1 2  ^
.  1 0 .3 1 8 7  .  O.U3U2 4. 1081„T  -
log,. k/T • 10.7529 - E , * ii.
I4T576T 4 .5 7 6
4 .5 7 6 l o g i o  " 1 0 * 7 5 2 9  % 4 .5 7 6  -




y6P , t h e  c h a n g e  i n  s t a n d a r d  f r e e  e n e r g y  was c a l c u l a t e d  
from  t h e  e q u a t i o n ,  -=^
e  RT
logj^Qk = lo g ]_ 0  — ^  + lo S lO  -  "%T3Ô3 RT
' " = 1 0  S '* '  '  -  ê^6 • V ^
A  F
4 .5 7 6  log^Q *  y T  =■ 4 .5 7 6  x  1 0 .3 1 9  -  — ^
T .4 .5 7 6  l o g  y T  = 4 .5 7 6  x  1 0 .3 1 9  T -  A  p  
10
Ÿ
A s  = 4 7 .2 2 T  -  4 .5 7 6  T log^Q  k /T  
I t  was a l s o  c a l c u l a t e d  f r o m  t h e  r e l a t i o n s h i p ,
f t  . T
/ i P  =*a h ; .  -  T / I S
A
10*10 *"=10 “ h-  o *0*10 '  -  ^ 5 h; T - * 1 3 3 1
lo g ^ „  y T .  lo g ^ ^  I t S  .  ^ ^ 3  ,  .  i ,  «  % 0 3  ,
AH 1 a S
logio = 1°'319 -  -Z73.76 * r ~ / X 576
A g  /
4 .5 7 6  l o g i n  i / T  = 1 0 .3 1 9  % 4 .5 7 6  -  t
t  /
T .4 .5 7 6  log^Q  y T  = 1 0 .3 1 9  x  4 .5 7 6  T -AH + T A S .
4  t  f
A P  = A H  -  T / S  = 4 7 .2 2  T -  4 .5 7 6  T l o g ^  k /T
1 , 1 ’ - B i n a p h t h y l - 8 , 8 ’ - d i c a r b o x y l i c  a c i d .
Pr e p a r a t i o n  o f  ( + )  -  and ( - ) -  S a l t s w i t h  b r u c i n e  
(Gooke and H a r r i s ,  ( ^ ,  1 9 6 3 ,  2 3 6 5 ) ,  M e is e n h e im e r  and 
B e i s s w e n g e r ,  B e r . . 6 5 , 1 9 3 2 ,  6 2 , 3 2 ,  and C o r b e l l i n i ,  0 . A . .
2 6 . ,  1 277 )
1 , l ’ - B i n a p h t h y l ~ 8 , 8 ’ - d i c a r b o x y l i c  a c id  ( 2 g . , IM. ) 
was d i s s o l v e d  i n  b o i l i n g  m e t h y l  a l c o h o l  (2  l i t r e s )  and t h e  
s o l u t i o n  f i l t e r e d  h o t .  B r u c in e  ( 2 , 8  g .  I M , ) was d i s s o l v e d  i n  
50  m l ,  o f  m e t h y l  a l c o h o l  and added t o  the  s o l u t i o n  o f  t h e  
a c i d .  M e t h y l  a l c o h o l  was t h e n  d i s t i l l e d  o f f  l e a v i n g  a b o u t  
400  m l ,  o f  the  s o l u t i o n .  On s t a n d i n g  ( - )  a c i d  b r u c i n e  s a l t  
a s  c o l o u r l e s s  opaq ue  p r im s  was o b t a i n e d  ( -  2 g . )  m .p ,
175
260 -  268° .  r°< A  = -  499 ° .
n r . v -1 214
(C ooke  and H a r r i s  g a v e  t h e  m .p ,  2 6 0 - 2 7 5  , J 5461  -  4 8 1 ,
and M e ise n h e im e r  and B e i s s w e n g e r  g a v e  m ,p ,  255  -  2 6 2 ° . ) .
The m other  l i q u o r  was e v a p o r a t e d  to  d r y n e s s  and t h e  
r e s i d u e  was d i s s o l v e d  i n  b o i l i n g  e t h y l  a c e t a t e . .  ( 1 ,5  l i t r e , ) .  
The s o l u t i o n  was f i l t e r e d  and c o n c e n t r a t e d  t o  a b o u t  4 0 0  m l ,
( + )  a c i d - b r u c i n e  s a l t  ( l , 8g , ) was o b t a i n e d  a s  c o l o u r l e s s
O V- . y  O
n e e d l e s ,  m . p ,  223-233  [ =  + 477  ,
0 ^ , - 1  2 1 , 4  o
(Cooke and H a r r i s  g a ve  m ,p ,  220-250  ,  J — + 483
and M e i s e n h e im e r  and B e i s s w e n g e r  g a v e  m .p ,  2 2 8 -2 3 4 ^  and -
+ 377'' )
( N o t e : -  When t h e  m other  l i q u o r  from  th e  ( - ) - a c i d - b r u c i n e  s a l t
was c o n c e n t r a t e d  to  a s r r a l l  vo lum e and a l l o w e d  t o  c o o l .
c o l o u r l e s s  n e e d l e  shaped c r y s t a l l i n e  ( + ) - a c i d  b r u c i n e  
s a l t  w i t h  a s  good r o t a t i o n s  a s  from t h e  o t h e r  method  
w ere  o b t a i n e d . )
1 .  O p t i c a l l y a c t i v e  a c i d s .
( - )  1 ,1 ^  -  b i n a p h t h y l  -  8 , 8 ’ -  d i c a r b o x y l i c a c i d .
\AOO c
The ( - )  - a l k a l o i d a l  s a l t  ( 5 ^ g * )  was d i s s o l v e d  i n
c h l o r o f o r m  a nd t h i s  s o l u t i o n  was e x t r a c t e d  w i t h  a q u e o u s
sod ium  h y d r o x i d e .  The BOdium h y d r o x i d e .  The so d iu m  h y d r o x i d e
l a y e r  was washed w e l l  w i t h  c h l o r o f o r m  and t h e n  w i t h  e t h e r ,
and t h e  o p t i c a l l y  a c t i v e  a c i d  was p r e c i p i t a t e d  w i t h  d i l u t e
h y d r o c h l o r i c  a c i d .  I t  was t h e n  f i l t e r e d ,  washed t h o r o u g h l y
0 o
w i t h  w a t e r  and d r i e d .  ( 2 . 25g .  ) m . p .  3 1 8  -  3^0 " 86o
i n  d i m e t h y l  form am ide .
2. ( + ) - l . 1 ’ - b i n a p h t h y l  -  8 , 8 ’ -  d i c a r b o x y l i c a c i d .
The ( + ) - a l k a l o i d a l  s a l t  ( 5 . 0 g .  ) was d i s s o l v e d  i n  
c h l o r o f o r m ,  e x t r a c t e d  w i t h  a q u e o u s  so d iu m  h y d r o x i d e .  The  
s o d iu m  h y d r o x i d e  l a y e r  was washed w i t h  c h l o r o f o r m  and t h e n  
w i t h  e t h e r  and d i l u t e  h y d r o c h l o r i c  a c i d  was a d d e d .  The  
p r e c i p i t a t e  o b t a i n e d  was f i l t e r e d ,  washed w i t h  w a t e r  and d r i e d  
( 2 . 2 g . )  m .p .  3 1 8  -  320°  [ ( ^ 1  = + 650° .
\zo
P r e p a r a t i o n  o f  o p t i c a l l y  a c t i v e  e s t e r s • 
(Gooke and H a r r i s ,  J . , I 9 6 3 , 2 3 6 5 )
1 • ( - ) - D i m e t h y l - 1 , 1 *- b i n a p h t h y l - 8 , 8  *-d  i c a r b o x y l a t e .
The ( - ) - l ,1  *- b i n a p h t h y 1 - 8 , 8 *- d i c a r b o x y l i c - a c i d  
( 2 . 30g . ) was added s l o w l y  t o  t h e  c o ld  e t h e r e a l  s o l u t i o n  o f  
d ia z o r a e th a n e  (50  m l O .6 3  g  o f  GH2 N 2 ) t h e r e  was e f f e r v e s c e n c e  
and a s  t h e  r e a c t i o n  p r o c ed ed  a w h i t e  s o l i d  c r y s t a l l i z e d  a t  
t h e  b o t t o m  o f  t h e  f l a s k .  When t h e  r e a c t i o n  was f i n i s h e d ,  
t h e  s o l i d  was f i l t e r e d  o f f ,  washed w i t h  a q u e o u s  sod ium  
c a r b o n a t e  and w a t e r  and d r i e d . A w h i t e  c r y s t a l l i n e  compound 
was o b t a i n e d  ( 2 . 1g . )  m .p .  123- 126^ ,  s o l i d i f i e d  and m e l te d
0 ^ ^ 1 9 .5  = 197 °
a g a i n  a t  1 5 7 - 1 5 8 . 5  [  ] .
2 . ( + )  D i m e t h y l - 1 . 1 *- b i n a p h t h y l - 8 , 8 *- d i c a r b o x y l a t e .
The ( + ) - l , 1  *- b i n a p h t h y l - 8 , 8 *- d i c a r b o x y l i c  a c i d  (5  g. ) 
was added t o  t h e  c o ld  e t h e r e a l  s o l u t i o n  o f  d ia z o m e t h a n e  (100  m l ,  
1 .2 5  g GH2H2 ) . When t h e  r e a c t i o n  was f i n i s h e d ,  t h e  s o l i d  was
f i l t e r e d , washed w i t h  a q u e o u s  sod ium  c a r b o n a t e  and t h e n
[ y  ] =  + 1 7 7 °
0 o
w i t h  w a t e r  and d r i e d  (U .U g .  ) m .p .  121+ -  126
N o t e : -  I t  i s  n o t  p o s s i b l e  t o  n e a s u r e  t h e  s p e c i f i c  r o t a t i o n
o f  a n  o p t i c a l l y  p u r e  o p t i c a l l y  l a b i l e  c o m p o u n d . The mtat 'OPS
2.
v a r y  s l i g h t l y  w ith  d i f f e r e n t  s p e c i m e n s .  V a r i a t i o n  in  
c o n c e n t r a t i o n  aid sp ee d  o f  c r y s t a l l i z a t i o n  o f  b r u c i n e  s a l t s  
can make u n a v o i d a b l e  d i f f e r e n c e  i n  o p t i c a l  p u r i t y .  The a c i d  
i t s e l f  would r a c e m i s e  t o  some e x t e n t  d u r i n g  warming t o  
d i s s o l v e  i t  i n  a s o l v e n t .  A c o l l e c t i o n  o f  r e a d i n g s  o f  
d i f f e r e n t  s p e c i m e n s  o f  b r u c i n e  s a l t s  and o f  t h e  a c i d s  and 
e s t e r s  o b t a i n e d  from them i s  g i v e n  b e l o w .
C rop s  o f  B r u c in e  S a l t  mixed ( ~ ) - 8 , 8 * - a c i d
[ ^ 0  a t  room temp
-U 9 9 .0®
-1490 
- 4 9 0  
- 4 9 2  
- 4 9 0  
- 4 8 5  
-480  
- 4 9 0  
- 4 8 5  
- 4 9 5  
- 4 9 9  
- 4 9 8
Crops o f  b r u c i n e  ( + ) - 8 , 8 *  -  a c i d
- 660°
- 6 5 7
- 6 4 9
- 7 0 5
+477'  
+ 4 7 0  
+ 4 5 9
) + 620
( - ) - D i m e t h y l  
e s t e r .
- 1 9 7
—180
- 1 7 5 . 5
- 2 0 7
( + ) c l i m e t h y l  e s t e r ,
+177
IZZ
Crops  o f  b r u c i n e  ( + ) - 8 , 8 * - a c i d  ( + ) - m e t h y l  e s t e r ,
s a l t  mixed
o
+ 5 1 1
+ 510°  ) + 650  + 195
0
+ 531
+ 394® + 4 7 8  +154®
O p t i c a l l y  d i o l s .
P re p a r a t i on o f  (:p) and ( - ) - 8 , 8 *  -  b i s h y d r o xy m eth y l  -  1 , 1 * -  
- b i n a p h t h y l ^  1 ^ ^ 1 1 1
1. ( + ) - 8 . 8 * - B i s h y d roxym e th y l  -  l . l * - b l n a p h t h y l .
The ( - ) -  d i m e t h y l  -  1 , 1 * -  b i n a p h t h y l  -  8 ,8 *  -d ica rb o x y*  
l a t e  ( 5 * 0 g )  was t r e a t e d  w i th  l i t h i u m  a lum in ium  h y d r i d e  i n  t h e  
same way a s  g i v e n  i n  th e  s y n t h e t i c  s e c t i o n ,  e x c e p t  t h a t  i t  
was h e a ted  under  r e f l u x  o n l y  f o r  l i  hour and t h e  e t h e r  was 
removed under reduced  p r e s s u r e  from a w ater  bath  kept  be low 50^,  
Yle:] .d  ' 0 .9 g ^  m .p .  1 4 2 . 5 - 1 4 5 ° .  £ l"  = + 4 5 ° .
Tr e a t ment o f  mot h er  l i quor. ,  from the  above e x p e r i m e n t s .
t h l
The m other  l i q u o r  was evaporated  ; ^ r e s i d u e , s t i c k y
s u b s t a n c e , w a s  d i s s o l v e d  in  b enzene  and p a s s e d  through  a p p i u m
packed w i th  a lum ina  u s i n g  b e n z e n e - e t h e r  m ix tu r e  ( 9 : 1 )  a s  an
e l u t i n g  s o l v e n t .  A hbicky s u b s t a n c e  was o b t a in e d  from a l l  the
f r a c t i o n s  e x c e p t  t h e  f i r s t  f e w .  T h is  s t i c k y  s u b s t a n c e  could n o t
be c r y s t a l l i z e d ,  so  i t  was d i s s o l v e d  i n  hot  g l a c i a l  a c e t i c
a c i d  and h o t  hydrobrom ic  a c i d  (d = 1 . 5 )  was a dd ed .  The y e l l o w
bromocompound se p a r a ted  some more hydrobrom ic  a c id  was added .
The bromocompound was f i l t e r e d  washed with  w a te r  and d r i e d ,  i t
19
was th en  r e c r y s t a l l i z e d  from c h l o r o f o r m  m.p.  184-186^
^4
( - )  8 , 8 *  -  B i s h y d r oxym eth y l '  -  1 , 1 *  -  b i n a p h t h y l .
Powdered (+ )  - d i m e t h y l  -  1 , 1 * - b i n a p h t h y l - 8 ,8* -  
d i c a r b o x y l a t e  ( 7 . 5 g « )  i n  1 l i t r e  o f  sod ium  d r i e d  e t h e r  was 
added s l o w l y  d u r i n g  a b o u t  h a l f  an  hour  to  t h e  h o t  s o l u t i o n  o f  
l i t h i u m  a lu m in iu m  h y d r i d e  i n  a l i t r e  o f  t h e  same s o l v e n t .  The 
m i x t u r e  was t h e n  h e a t e d  u n d e r  r e f l u x  f o r  i j  h o u r s .  The r e s t  o f  
t h e  p r o c e d u r e  i s  e x a c t l y  t h e  same a s  f o r  t h e  ( f ) - d i o l  i n  
t h e  s y n t h e t i c  s e c t i o n ,  e x c e p t  t h a t  t h e  e t h e r  was removed  
u n d e r  red u ced  p r e s s u r e  from a w a t e r b a t h  k e p t  be low  5 0 ^ .  
C r y s t a l l i z e d  from  b e n z e n e  ( l . 4 g .  ) m .p .  1 4 3-145^ *  f  " ^ 1  = - 3 2 ^ .
The m other  l i q u o r  was e v a p o r a t e d .  X e s id u e ^ a  s t i c k y  
su b s  ta  n ce  had 8 - m e t h o x y c a r b o n h y l - 8 *-hyd r o x y m e t h y l - 1 , 1  *- b i n a ­
p h t h y l  i n  t r a c e s  ( t h i n  l a y e r  c h r o m a t o g r a p h y ) .  So i t  was  
d i s s o l v e d  i n  b e n z e n e  and p a s s e d  through  a column packed w i t h  
a l u m i n a .  A l l  f r a c t i o n s  e x c e p t  t h e  f i r s t  few were mixed and 
e v a p o r a t e d .  The s t i c k y  s u b s t a n c e  o b t a i n e d  c o u ld  n o t  be  c r y s t a ­
l l i z e d ;  s o  t o  s e e  i f  i t  g i v e s  t h e  bromocompound w i t h  v e r y  h i g h  
r o t a t i o n  a s  i n  the  f i r s t  e x p e r i m e n t ,  i t  was d i s s o l v e d  i n  h o t  
g l a c i a l  a c e t i c  a c i d  ( 1 0 0  m l . )  and h o t  h y d ro b ro m ic  a c i d ( l 25 m l . ,  
d => 1 . 5 )  was a d d e d .  The bromo compound o b t a i n e d  was f i l t e r e d ,
washed w i t h  w a t e r  and d r i e d  ( 4 . 5  g . ) c r y s t a l l i z e d  from c h l o r o -
o 19  o
form  m .p .  1 8 4 - 1 8 6  . -  486,6©
( + ) - 8 ,8 *  -  B i s b romom ethyl -  1 , 1 * -  blnar>h th y l
The (+ )  - 8 , 8 *  -  b i s ( h y â r o x y r a e t h y l ) - l , l * - b i n a p h t h y l
( 0 , 5 g « )  was d i s s o l v e d  i n  h o t  g l a c i a l  a c e t i c  a c i d  ( 1 0  m l . )
and h o t  h y d r o b r o m ic  a c i d  ( 5  m l .  d =* 1 . 5 )  was added , a
y e l l o w  s o l i d  s e p a r a t e d  and some more h y d ro b ro m ic  a c i d  ( 3  m l . )
was a d d e d .  A f t e r  c o o l i n g  t h e  s o l u t i o n  was f i l t e r e d  o f f ,
and t h e  s o l i d  washed t h o r o u g h l y  w i t h  w a t e r  and d r i e d  ( O .U S g . )
I t  was c r y s t a l l i z e d  from c h l o r o f o r m  m .p .  1 8 3 - 1 8 5 ^ .
17 .5 ®  0
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D e t e r m i n a t i o n  o f  A r r h e n i u s  p a r a m e t e r s  E and Log^^gA and 
t r a n s i t i o n  s t a t e  t h e o r y  f u n c t i o n :  , a  F and AS f o r
t h e  r a c é m i s a t i o n  o f  8 ,$ *  -  b i s ( h y d r o x y m e t h y l )  -  1 , 1 *  -  




- 5  - 1
K x 10 S e c log  K s e c .  
10
3 6 8 .2 2 . 7 1 5 9 1 . 5 7 3 5 .1 9 6 7
3 7 3 .2 2 .6 7 9 5 3 .1 4 6 5 . 4 9 7 7
3 8 3 . 2 2 .6096 7 . 7 8 2 5 . 8 9 1 1
3 9 3 . 2 2 .5 4 3 2 1 8 .4 6 0 4  .2 6 6 2
3 9 8 . 2 2 .5113 3 3 . 8 3 0 / 4 .  5293
4 0 3 .2 2 . 4 8 0 1 6 4 4 .2 2 3 4  .6456
The b e s t  s t r a i g h t  l i n e  t a k e n  g r a p h i c a l l y  ( s e e  p a g e  
'^1 ) g i v e s s -
—1
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VD VD i n m -d" 1 i n
a a a a a • •
CM CM CM CM CM CM 1 i n
r - rH CM Ml VD VD
VD r - rH VD d i n VD
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13^
Gr a p h i c a l  method
—1
B => 2 9 .2  K c a l . r a o l e  l e g  A = 1 2 . 6
10
X - 1  ^
a h  =" 2Q,k3 k  c a l . m o l e  A S -  - 3 ,6 6  e . u ,
/  -1
=* 29 .85  k  c a l . m o l e
Mean s q u a r e _ c a l c u l a t i o n s .
= 12.0266 ^  %y. 30.882259
- ^ y  = 1 5 .539738  = 2 5 . 7 8 3 8 6
2
^  x . t  y  => 1 8 6 .8 8 9 2 2 7  = 144 .618907
n = 6
( 6 X 3 0 . 882259 ) -  1 8 6 . 8 8 9 2 2 7
b =
( 6 x  2 5 . 7 8 3 8 6 )  1 4 4 . 6 1 8 9 0 7
1 0 .0 8 4 2 5 2
B =■ 2 .3 0 3  X 1 . 9 8 7  X 1 0 .0 8 4 2 5 2  
1 .5 8 5 6 7 2
-1  -1
=» 2 9 .  1 k c a l .  m ole
3a
Prepara t i o n of  (+) -  and ( - )  8,8* -  dlmet h y l - 1 > l * - binaphthyl
19 o
( + ) 8 ,8  *-D im e th y l - 1 ,1 * - b in a p h t h y l .
The (+ )  - 8 , 8 * -  d ibrom om ethyl  -  1 , 1  * - b in a p h th y l  3+147©
( 2 . 0 g .  ) in  750 ml.  o f  sodium d r ied  d:her was added to  a
w e l l  s t i r r e d  s o l u t i o n  o f  l i t h i u m  aluminium h y d r id e  ( 0 . 7 5 g . )
i n  500 ml o f  th e  same s o l v e n t .  The m ix tu r e  was h ea ted  under
r e f l u x  f o r  one hour .  E x c e s s  o f  m e t a l  h y d r id e  was d e s t r o y e d
by a d d in g  e t h y l  a c e t a t e  and th e n  e x c e s s  o f  p o t a s s i u m  h y d ro x id e
was added .  The o r g a n ic  l a y e r  was washed w i th  w ater  and d r ie d
o v e r  magnesium s u l p h a t e .  The s o l v e n t  was removed under
reduced p r e s s u r e .  The r e s i d u e  ( 1 . 3 S * )  was c r y s t a l l i z e d  from
0
e t h e r  r e c t a n g u l a r  c r y s t a l s  were obta in ed  m .p .  1 2 7 - 1 2 9  •
^ 1 7 . 3  o
* + 2 3 1 .
2.  ( - ) - 8 , 8 '  -  D lm e t h y l - l . l * - b ln a ph t h y l .
19
The ( - ) - 8 , 8 ' - d i b r o m o m e t h y l  -  l , l ' - b i n a p h t h y l ( i . O g . ){î<"]
-hkS
i n  e t h e r  was added to  a w e l l  s t i r r e d  s o l u t i o n  o f  l i t h i u m  
aluminium h y d r id e  i n  e t h e r .  The m ix tu r e  was heated  under  
r e f l u x  f o r  one hour.  A f t e r  decom posing  t h e  e x c e s s  o f  m eta l  
h y d r id e  w i th  e t h y l a c e t a t e  and p o t a s s iu m  h y d r o x i d e ,  t h e  e t h e r  ' 
l a y e r  was d r i e d  ov er  magnesium s u l p h a t e . E t h e r  was removed under  
reduced p r e s s u r e  t h e  r e s i d u e  o b ta in e d  was c r y s t a l l i z | ^  25^  e t h e r
153
D e t e r m i n a t i o n  o f  r a t e  c o - e f f i c i e n t  f o r  
t h e  r a c é m i s a t i o n  o f  8 , 8 ’ -  d i m e t h y l - 1 , 1 ’ 
- b i n a p h t h y l ,
S o l v  e n t : -  N ,N ’ - d i r a e t h y l  fo rm am id e .
ro.
T e m p e ra - "
t u r e F i r s t
R e a d i n g .
N o . o f
R e a d in g s
Time 
d u r i n g  
w h ic h  r e a d i n g s  
w e re  t a k e n  i n  




s e c .  i n
m inu­
t e s .
1 100 + 0 . 9 7 11 450 1 .50 6 7 8 . 8
2 105 + 1 .63 10 360 2 .32 4 9 8 . 8  '
3 110 + 1.195 10 136 3 . 8 4 301.0
k 115 1.195 9 âUo 6 .8 190.1
5 120 + 1.620 12 165 / 8 . 8 0 1 3 1 . 4
6 125 + 1 .1 1 3 11 100 13 .82 83.6
7 130 + 1 .00 11 50 24 .3 4 8 . 2

155
D e t e r m i n a t i o n  o f  A r r h e n i u s  p a r a m e t e r s  E and 
L o g .^ A ,  and t r a n s i t i o n  s t a t e  t h e o r y  f u n c t i o n s
% f  /Z i  H , A S  and A p  f o r  the  r a c é m i s a t i o n  o f  
8 , 8 ’ -  d i m e t h y l  « 1 , 1 ’ ~ b i n a p h t h y l .
103/T  10 S e c .  Log k  Sec
T 10
100 3 7 3 . 2 2 .6 7 9 5 1.5037 5 .1 7 7 1
105 3 7 8 . 2 2 .6 4 4 1 2.3157 5 .304
110 3 8 3 . 2 2.6095 3 .8 3 8 3 5 .5 8 4 1
115 3 8 8 .2 2 .5 7 5 9 6 . 0 7 7 3 5 . 7 8 3 7
120 3 9 3 . 2 2.5432 8.7961  ^ 5 . 9 4 4 3
125 3 9 8 . 2 2 . 5 1 1 3 1 3 . 8 1 8 4 . 1 4 0 5
130 h 0 3 . 2 2 .4 8 0 1 24 .229 4 . 3 8 4 3 .
The b e s t  s t r a i g h t  l i n e  t a k e n  g r a p h i c a l l y  ( S e e  page
; g i v e s
S
- 1
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Graph i c a l  method,
—1
E = 27.6  k c a l .  mole log^QA = 1 1 . 3 0
Au^s 26 .8  k c a l .  mole*’  ^ =s -9 * 3  ca,
30 • X- V< • rr\0 ê^
Mean Squar e  Qa l c u l a t i o n s .
A x  = 5 . 3 7 1 8  A y = I8 .0 i j3 6
Ax^=> 5 .2238  ^  XY = 13.6623
n = 7
A x .  A y  = 96.9266  n . A x Y  = 95.6361
( x ) ^  = 28.8562  n . A x ^  a 36.5666
b = 95.6361  -  93.9266
/
36.5666  -  28.8562
E = U .576  X 7 .7104
1.2905
- 1 .
= 27.35  k c a l .
1 3 ^
(+) -  8 , 8 '  -  B ls fm ethy lene  gulnollum bromide)- ! . I ' - b lnaphthy l .




The (+ )  -  8 , 8 ’ -  B ish rom om eth y l  -  1 , 1 ’ - b i n a p h t h y l  
( 0 . 5 g )  was d i s s o l v e d  i n  n o t  q u i n o l i n e  (5 ml.  ) On s t a n d i n g  
t h e  s o l u t i o n  a n e e d l e  shaped c r y s t a l l i n e  compound was o b t a in e d  
which was f i l t e r e d ,  washed w i th  b e n z e n e  and d r i e d  ( 0 . 7 5  g) 
m .p.  2 2 1 - 2 2 4 ° .  =■ + 2 9 4 ° .
NOTE:- R a c é m i s a t i o n  e x p e r i m e n t s  on t h e  a b o v e  q u i n o l i n i u m  
b r o m id e  f a i l e d  b e c a u s e  o f  t h e  d e c o m p o s i t i o n  i n  h o t  
N ,  N.  — d i m e t h y l  f o r m a m id e .
ikà
1. ( - ) - 8 ^Met boxyoarbon y l  -  8 *-hydroxymet h y l - l . 1 ^ - b i n a p h thyl»
T h is  œmpound was p rep a red  from ( - ) - d i m e t h y l - l , l * ~  
b i n a p h t h y l - 8 , 8 ^ - d i c a r b o x y l a t e .  The p r o c e d u r e  i s  th e  same 
a s  d e s c r i b e d  i n  the  synthÆ ic e x p e r i m e n t a l  s e c t i o n .  A f t e r  
s e p a r a t i o n  t h e  m ix tu r e  o f  t h e  d i o l  and t h e  h y d r o x y e s t e r  by  
ch r o m a to g r a p h y ,  t h e  h y d ro xy  e s t e r  o b ta in e d  was c r y s t a l l i z e d  
from b e n z e n e .  N e e d l e  shaped c r y s t a l s  were o b t a in e d  m .p .
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D e t e r m i n a t i o n  o f  A r r h e n i u s  p a r a m e t e r s  S and l o g A . and 
T r a n s i t i o n  S t a t e  Theory F u n c t i o n s  A H ,  A S ,  
and A F f o r  t h e  r a c é m i s a t i o n  o f  8 -  m sthoxy  c a r b o n y l -  
-8*  -  h y d ro xy m eth y l  ‘ -  1 , 1 ’ -  b i n a p h t h y l .
-1 -1
t T 10V T 10 k s e c . l o g i o k  S<
55 32 8 .2 3 .0 4 6 1 0 .05927 6 . 7 7 2 8
6o 332 .2 3 .0012 0 . 1 1 3 9 5 .  0565
65 3 3 8 . 2 2.9568 0 . 2 1 3 8 5 5 .  3309
6 9 .5 34 2 .7 2 . 9 1 8 0 0 .34033 5 .5 3 1 9
7 4 . 5 3 4 7 . 7 2 .8760 0,5405 5 . 7 3 2 8
80 3 5 3 . 2 2 .8312 1 .1093 4 . 0 4 4 8
85 3 5 8 .2 2 . 7 9 1 7 1.5566 4 . 1 9 1 9
89 362 .2 2 .7609 2 . 5 5 8 4 . 4 0 7 9
95 36 8 .2 2 .7159 4 .6 5 8 4 . 6 6 8 2
The b e s t  s t r a i g h t  l i n e  taken g r a p h i c a l l y  ( s e e p a g e
Jives; -





Mean Square  Q a lc u l a t i ons»
( - )  -  8 -  m a th o x y - c a r b o n y l  -  8 ’ -  hyd roxy  r n e th y l - 1 ,1 *  
b i n a p h t h y l .
T X = 6 + 1 0 g k
3,
Y = 10/T XY x 2
3 2 8 . 2 0 . 7 7 2 8 3.0461 2 . 3 5 4 0 0 .5 9 7 2 2
3 3 2 . 2 1.0565 3 .0012 3 . 1 7 0 8 1 .1162
3 3 8 . 2 1 .3309 2.9568 3 .9352 1 . 7 7 1 3
3 4 2 . 7 1 .5319 2 . 9 1 8 0 4 . 4 7 0 1 2.3467
3 4 7 . 7 1 . 7 3 2 8 2 . 8 7 6 0 4 . 9 8 3 5 3.0026
3 5 3 . 2 2 . 0 4 4 8 2.8312 5 . 7 8 9 2 4 . 1 8 1 2
3 5 8 . 2 2 .1919 2 .7 9 1 7 6 .1191 4 . 8 0 4 4
362 .2 2 . 4 0 7 9 2.7609 6.6^.80 5 . 7 9 8 0
36 8 .2 2 . 6 6 8 2 2 . 7 1 5 9 7.2i|-66 7 .1193
1 5 .7373 2 5 .8 9 7 8 1A .7165 30 .7369
I L f y
G r a p h i c a l  M e th od .
-1
E = 2 5 .8  k c a l s ,  mole  l o g . -  1 1 .9 ^
^ -1 ,
A h  =*25 .1  k c a l .  mole A S  = - 6 . 2 e . u .
A p  3 2 7 . 2  k c a l*  mole
Mean S quare  Qa l c u l a t i o n s *
A x  = 15.7373  A y  = 2 5 . 8 9 7 8
^  x^ = 30 .7 3 6 9  A x y  = 44 .7165
n = 9
Z  X A y => 4 0 7 . 5 7 2  n Z x Y  = 402.4W85
( A , x )  3 247.675  n A x ^  = 276.632
b = 4 0 2 . 4 4 8 5  -  407 .572  - 5 .1235
St
276.632  -  247.675  2 8 .9 5 7
/
B = 4 .576  X 2 8 .9 5 7
5.1235
— 1
=» 25 .86  k  c a l .  m o le
ripti  c a l l v  a c t i v e  b e n zo - 1  ' , 2 ’ - 7 , S-Cbenz a n t h r o n e )  -  3 '  -  
G a r b o x y l l c _ A c l d .
tOO\4
1* ( - ) -B en z o - 1 * , 2 ’ - 7 .8 - b e n z a n t b r o n e  - 3 ^ - c a r b o x y l i c  a c i d ,
-  binaphthy:^ -  8 , 8 *  -  d i c a r b o x y l i c  a c id
( 2 . o g .  ) was t r e a t e d  w ith  c o n c e n tr a t e d  s u l p h u r i c  a c id  i n  t h e
same way as  d e s c r i b e d  i n  the  s y n t h e t i c  s e c t i o n s  and 1 . 4 0  g
o f  o p t i c a l l y  a c t i v e  a c id  was o b ta in e d  m.p.  1 7 7 -1 8 0 ^ .
The a c id  r e c o v e r e d  a f t e r  r a c é m i s a t i o n  was t r e a t e d
w i t h  co ld  e t h e r e a l  s o l u t i o n  o f  d i a z o  methane and i t s  m eth l
o
e s t e r  prepared t h e  e s t e r  o b ta in e d  m elted  a t  1 5 7 - 1 5 9  • There  
was no d e p r e s s i o n  when the  mixed m e l t i n g  p o i n t  w i t h  m e th y l  
benzo -  1 * - 2 * - 7 , 8 * - b e n z a n t h r o n e - 3 *- c a r b o x y l a t e  and th e  i n f r a  
red sp ec tru m  was a l s o  v e r y  c l o s e l y  s i m i l a r .
2. (+ )  Benzo- 1 * . 2 * -  7 . 8 * - b e n z a n t h rone  - 3 * - C a r b o x y l i c a c i d .
( + ) - l , l *  -  b i n a p h t h y l  -  8 , 8 * - d i c a r b o x y l i c  a c id  ( 1 . 5  g . )
was t r e a t e d  w ith  s u l p h u r i c  a c i d ,  ( p r o c e d u r e  same a s  d e s c r i b e d
i n  t h e  s y n t h e t i c  s e c t i o n ) .  One gram o f  t h e  (+ )  a c id  was
0 . 22 .5  0
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D eterm inat ion  o f  Arrhenius parameters 3 and
l o g i o A  and  t r a n s i t i o n  s t a t e  t h e o r y  f u n c t i o n s Z i H a n d
f o r  t h e  r a c é m i s a t i o n  o f  ( - ) - B e n z o - l ^  , 2 ’ - 7 “ 8 - ( b e n z a n t h r o n e )  
- 3 ^ - C a r h o x y l i c  A c i d ,
-1 -1
T l O V T 10 k  s e c . l o g iQ k  s
3 0 4 . 1 3 . 2 8 8 4 0 .2795 5 .4 4 6 4
3 0 8 . 8 3 .2383 0 . 4 9 9 7 5 .6 9 8 7
3 1 3 . 7 3 .1 8 7 7 5 0 . 8 8 1 1 5 .9 4 5 0
3 1 8 . 1 3 .14366 1 . 4 1 8 5 4 . 1 5 1 5
32 3 .2 3 .09406 2 .3 4 4 4 .3 6 9 9
32 9 .2 3.03766 4 . 5 3 4 8 4 .6 5 6 5
3 3 3 . 0 3 .0 0 3 0 6 . 5 8 4 . 8 1 8 2
3 3 8 . 2 3 .9568 12 .311 3 . 0 8 9 9
3 4 3 .2 2 .91375 20.25 3 .3065
3 4 8 . 2 2 . 8 7 1 9 3 4 . 3 8 3 .5363
The t e  s t s t r a i g h t  l i n e  t a k e n  g r a p h i c a l l y  ( s e e  p a g e
g i v e s :
E =
—1
2 5 .2  k  e a l .  m ole
or
NAi













































n - A co CM h -
A rH A CM <n A iH CM CM H
r - 00 CM A n - e n A 00 -li­ H 000 A 0 e n 0 e n CM e n -d" 0 \
CM A A 00 H vo CM N CM A r -
en 00 CO CM A A -d- -C^ A 0 A
0 00 vo VO 0 en A en A A
• * * # • • • • • • •





















A  VO 





















•  «en oiH
A VO VO VO A A
enst A VO vo 0 00 r-
00 00 n- A
8
n- A vo A rH
00 A 00 -%r A 0 A rH n-
CM CM rH rH 0 0 0 en en 00
• • • • • • • • # #
A A A A A A A CM CM CM
-d" h - 0 A CM A CM A A CM
VO 00 A H VO 00 en VO VO VO
S t en s t A A rH co 0 A CM
S t vo en H A VO 00 0 A A 0
• # • • • • • • # • »
rH H rH CM CM CM CM A A A A
CM
CM h - rH CM CM 0 CM CM CM
r* • • # • $ • • • •3 00 A 00 A en A 00 A 00
0 0 rH rH CM CM A A










G raphica l  method 
-1
E =» 23-2 k  c a l .  m o le  = 1 2 . 1
^ “ 1 ^
A H *  2 2 .6  k  c a l .  m o le  A 5  = ^ 5 * 3 ^
^  -1
A P = 2i+.3 k c a l .  mole
Mean Square C a l c u l a t i o n s .
A  X =* 25.0262  Z_Y = 30.73171
A . X ^ =  6 7 .0 3 5 7 9 8 1  A_XY = 76.02676
n = 10
. 2 . Y => 769.0979  n .2__XY = 760.2676
( ^ X ) ^  = 626.31068  n . l j c ^  = . 6 7 0 . 3 5 7 9 8 7
b - 8 . 8 2 1 9
4!+. 024.73
t h e r e f o r e  s U .576  x ^ 4 . 0 4 7 3
8 . 8 2 1 9
- 1
E =* 2 2 . 8  k c a l .  m ole
/ 5 7
( M ethyl- 1 ’ , 2 * - 7 , 8 - b enza n t h r one- 3 *- c a r b o x y l a t e .
( + ) - B e n z o - l * , 2 * - 7 , 8- b e n z a n t h r o n e - 3 ’ - c a r b o x y l i c  a c id  
( 0 . 5g) was added s l o w l y  to  t h e  cold e t h e r e a l  s o l u t i o n  o f  
d ia z o m e th a n e .  I t  d i s s o l v e d  w i th  e f f e r v e s c e n c e .  When t h e  
r e a c t i o n  was c o m p le te  t h e  e t h e r  was e v a p o r a te d  and t h e  
r e s u l t i n g  p r o d u ct  was washed w i th  sodium c a r b o n a te  and then  
w it h  w a t e r ,  and d r i e d  (O.l+g) m.p.
22 o
^ -  + 33 . U i n  c h lo r o f o r m .
R a c é m is a t io n  e x p e r im e n t s  were not t r i e d  , b e c a u se  th e  
s o l u t i o n  i n  N ,N ^ -d im eth y l form a m id e  was n o t  v e r y  c l e a r .
i 5 ^
Condensa t i o n  o f  ( - ) —8 , 8 * -b i sb r o m o m e t h y l - l , 1 ^-bi n a p h t h y l  
w ith  d i a l l y la m in e
— cu — Q)
o-» V
^ 1 8
( - ) - 8 , 8 * - B i s b r o m o m e t h y l - l , l ’ - b i n a p h t h y l  ( 0 . 5 g .  C oC j = 
1)48.6)  was d i s s o l v e d  in  hot  benzene  and d i a l l y l a m i n e  was a dd ed .  
I t  was th en  a l lo w e d  t o  r e a c t  a t  5 0 -55^  ( o v e r  h o t  p l a t e )  f o r
2 - 3  h o u r s .  The c r y s t a l l i n e  compound o b ta in ed  was f i l t e r e d ^
/
washed with  b en zen e  and d r ie d  (O’^ ’ g . ) .  R e c r y s t a l l i z e d  from
n  . 1 8 . 2
w a t e r ,  m.p.  1 8 7 - 1 8 9  • D  ^ - 2 8 7 * 7  *
Attem pted r a c é m i s a t i o n  e x p e r im e n ts  in  IT,N-dimethylformamide  
^  3   ^ - 2 . 7 1 *
( a )  a t  80^ 3  =» -  2 . 7 2  a f t e r  two h o u r s .
( b )  a t  1 1 0 °  = -  2 . 8 8  V
( c )  a t  130® = -  U .5 8





I n t r o d u c t i o n :
' I n f r a - r e d  s p e c t r o s c o p y  has  found e x t e n s i v e  
u s e  f o r  t h e  s t u d y  o f  m o le c u la r  s t r u c t u r e  and fo r  t h e  
q u a l i t a t i v e  and q u a n t i t a t i v e  a n a l y s i s  o f  v e r y  wide range  o f  
o r g a n i c  m o l e c u l e s .  Most r o t a t i o n a l  and v i b r a t i o n a l  s p e c t r a  
l i e  i n  t h e  i n f r a - r e d  r e g i o n ,  and t h e  term  i n f r a - r e d  s p e c t r o s c o p y  
i s  synonymous w i th  m o l e c u l a r  a b s o r p t i o n  s p e c t r o s c o p y .  P r a c t i ­
c a l l y  a l l  i n f r a - r e d  m o l e c u l a r  s t u d i e s  have been made by  
a b s o r p t i o n ,  b e c a u se  o f  t h e  low d i s s o c i a t i o n  e n e r g i e s  o f  
o r g a n i c  m o l e c u l e s .
Q u a l i t a t i v e  a n a l y s i s  by i n f r a r e d  method i s  c a r r i e d  
out  by i d e n t i f i c a t i o n  o f  c h a r a c t e r i s t i c  a b s o r p t i o n  bands and 
band sys tem s*  B eca u se  o f  a l a r g e  number o f  bands u s u a l l y  
g i v e n  by any  one compound a s  a r e s u l t  o f  t h e  sum o f  a l l  the  
m o l e c u l a r  and a t o m ic  i n t e r a c t i o n  o c c u r i n g  w i t h - i n  i t ,  a 
u n iq u e  m o l e c u l a r  "f ingerprin t**  i s  produced upon which t h e  
i d e n t i f i c a t i o n  o f  t h e  m o le c u le  can be b a s e d .
S u b s t a n c e s  m y  be s t u d i e d  i n  e i t h e r  t h e  g a s e o u s ,  
l i q u i d  or  s o l i d  s t a t e .  S o l u t i o n s  may a l s o  be u s e d , but g r e a t
c a r e  must be ta k e n  i n  c h o o s i n g  a s o l v e n t  t h a t  w i l l  not
a b s o r b  i n  th e  r e g i o n  i n  which t o  s t u d y  t h e  a b s o r p t i o n s .
By p r e p a r i n g  t h e  s o l u t i o n s  i n  CC1|^, GHCl^ and ^ 261  ^i n
c e l l s  t h e  e n t i r e  range  from 2- 1^  can be c o v e r e d .
A common p r a c t i c e  f o r  s t u d i n g  s o l i d  i n v o l v e s  the  
m u l l  t e c h n i q u e  u s i n g  a p u r i f i e d  o i l  such a s  N u j o l ;  h ex a— 
c h l o r o b u t a d i e n e  can be used  a s  a m u l l i n g  a g e n t  when i t  v/ds
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d e s i r e d  t o  s t u d y  f r e q u e n c y  r a n g e s  i n  w h ich  N u j o l  a b s o r p t i o n  
bands a p p e a r .  The m u l l  i s  made by g r i n d i n g  t h e  sa m p le  i n  a 
few d r o p s  o f  o i l ,  and p l a c i n g  t h e  s u s p e n s i o n  be tw een  two 
sodium  c h l o r i d e  p l a t e s .  The g r i n d i n g  i s  e s s e n t i a l  i n  o rder  
to  o b t a i n  a homogeneous m ix tu r e  o f  t h e  s a n p l e  and t h e  o i l .  
com parison  o f  s p e c t r a  o f  l a r g e  numbers o f  pure  compounds 
have shown t h a t  a b s o r p t i o n  bands o c c u r i n g  a t  c e r t a i n  f r e ­
q u e n c i e s  can be c o - r e l a t e d  w i t h  c e r t a i n  bands o r  a to m ic  
groups w i t h - i n  t h e  m o l e c u l e .  For example t h e  p o s i t i o n  o f . t h e  
a b s o r p t i o n  band o f  a c a r b o n y l  group i n d i c a t e s  i n  g e n e r a l  
w hether  i t  forms p a r t  o f  a n h y d r i d e ,  e s t e r ,  k e t o n e ,  a ld e h y d e  
or  a c i d .  A g l a n c e  a t  an a b s o r p t i o n  sp ec tru m  o f  a s i m p l e  
m o l e c u l e  g i v e s  an i n d i c a t i o n  o f  t h e  p r e s e n c e  o f  such group  
a s  0 - H ,  NH, or  G 0 e t c .
The a p p ea r a n c e  and a n a l y s i s  o f  t h e  a b s o r p t i o n  
sp ec tru m  can o f t e n  be used t o  determine/-  -bo v e r i f y  t h e  s p a t i a l  
c o n f i g u r a t i o n  o f  atoms w i t h i n  t h e  m o l e c u l e :  exarrqples a r e  
c i s - t r a n s  i s o m e r s ,  o r t h o ,  p a r a ,  me t a , i s o m e r s ,  t h e  p l a n a r i t y  
o f  r i n g s ,  k e t o - e n o l  t a u t o m e r s ,  and hydrogen  b o n d in g .
I n  a m o l e c u l e  where t h e r e  i s  a r e s t r i c t e d  r o t a t i o n  abou t  t h e  
s i n g l e  band,  a number o f  p o s i t i o n s  o f  t h e  r o t a t i n g  groups  â/fm 
p o s s i b l e  l i v i n g  d i f f e r e n t  s y m m e tr ie s .  The i s o m e r s  a r e  some­
t im e  s p e c t r o s e s p i c a l l y  d i s t i n g u i s h a b l e  but t h e  c h e m ic a l  
s e p a r a t i o n  i s  d i f f i c u l t .  In c a s e  o f  a c o n ^ le x  m o l e c u l e  a 
number o f  i s o m e r s  p o s s i b l e ,  b e c a u s e  a t  each  s i n g l e  bond
(6^
two o r  t h r e e  c o n f i g u r a t i o n a l  s t a t e s  can e x i s t  and when the  
number o f  r o t a t i o n a l  i so m e r s  i n c r e a s e s ,  th e  enægy d i f f e r e n c e  
betw een  t h e  fo r m s d e c r e a s e s  and many a b s o r p t io n  bands due to  
t h e  v i b r a t i o n  o f  t h e  same group a r e  d i f f e r e n t  f o r  d i f f e r e n t  
i s o m e r s .  T h ese  bends become c l o s e r  t o g e t h e r  and form on e  
broad a b s o r p t io n  band , t h i s  i s  th o u g h t  to  occu r  i n  h ig h e r  
p a r a f f i n s ,  a c i d s  and lo n g  c h a in  a l c o h o l s .  The n e a r x in fr a  red 
has assumed g r e a t  im p o rta n ce  i n  c h e m ic a l  r e s e a r c h  b e c a u se  
o f  th e  h ig h  s p e c i f i c  a b s o r p t io n  o f  c h e m ic a l  compounds a t  
t h e s e  w a v e le n g t h s .  The c h a r a c t e r i s t i c  bands f o r  more grou p s  
o c c u r s  betw een  2 .5  -  1 5 . o jU. .  F or t h e  wave l e n g t h  o f  in f r a r e d  
e n e rg y  t h e  u n i t  m icron i s  u n i v e r s a l l y  u s e d .
""4 4  Ô
\ J^  a 10 cm =» 10 A ngstrom  (A' ) .
The f r e q u e n c y  o f  r a d i a t i o n  i s  o f t e n  used  in s t e a d  
o f  w a v e le n g th  to  d i f f e r e n t i a t e  t h e  p a r t s  o f  t h e  sp ec tru m .
The number o f  w aves p e r  c e n t im e t e r  i s  th e  r e c i p r o c a l  o f  th e  
w a v e le n g th  i n  c e n t i m e t e r s  and i s  known a s  wavenumber.
c ^  10
wave number a ---------
Way;elength i n  m icr o n .
10,000 cm"^  =<
16^
F act o rs  i n f l u e n c in g  group f r e q u e n c i e s .
Hydrogen  bond i n g : -  The s p e c t r a  o f  a l c o h o l s  a r e  c h a r a c t e r i s e d
by a n  a b s o r p t io n  band a t  3*0y^ , c o r r e s p o n d in g  to  t h e  0-H
s t r e t c h i n g  v i b r a t i o n .  The e x a c t  p o s i t i o n  o f  t h i s  band
depend s to  a l a r g e  e x t e n t  upon t h e  d e g r e e  o f  hydrogen
b on d in g  o r  a s s o c i a t i o n  to  which th e  hydroxy group i s  su b ject/^ /*
Upon a s s o c i a t i o n ,  th e  e n e rg y  and t h e  f o r c e  c o n s t a n t  o f  t h e
0-H bond d e c r e a s e s ,  and th e  a b s o r p t io n  band i s  t h e r e f o r e
—1
s h i f t e d  to  lo w e r  f r e q u e n c i e s  by abou t 200 cm.
Re s o n a n c e : -  The e f f e c t  o f  r e s o n a n c e  i s  t o  d e c r e a s e  th e  bond 
o r d e r  o f  double  bonds and t o  d e c r e a s e  t h e  v i b r a t i o n a l  f r e ­
q u e n c ie s  (b a th o c h r o m a t ic  s h i f t ) ,  and to  i n c r e a s e  th e  bond 
o r d e r  and f r e q u e n c i e s  o f  s i n g l e  b on d s.
E f f e c t  o f  S t r a i n : -  I f  th e  c a r b o n y l  i s  a p a r t  o f  a r in g  t h e  
c a r b o n y l  f r e q u e n c y  i n c r e a s e s  a s  t h e  s i z e  o f  th e  r i n g  
d i m i n i s h e s ,  found i n  c y c l i c  k e t o n e s ,  l a c t o n e s ,  and la c t a m s .
Bxp e r im e ntea
The i n f r a  red s p e c t r a  o f  ( + ) ,  ( - )  and (+ ) 1 , 1 *- 
b l n a p h t h y l - 8 ,8 * - d i c a r b o à y l i c  a c i d s ,  i t s  d im e t h y l  e s t e r ,
1 , 1 ^ - b ln a p h t h y l , and o t h e r  compounds have  b een  s t u d i e d .
A Grubb P a rso n s  s p e c tr o m e te r  f i t t e d '  w ith  p o ta s s iu m  
brom ide and c a lc iu m  f l u o r i d e  p r ism s  was u s e d .
16^
The s o l i d  s a m p le s ,  whose s p e c t r a  were d e s ir e d  in
2 . 5 - 1 5 . 5.A r e g i o n ,  and t h e  N u jo l  were ground t o g e t h e r  in
/
a s m a l l  m orter  w ith  a p e s t l e ,  th e  p a s t e  when ground^ s u f f i c i e n t l y  
was p l a c e d ,  w ith  th e  a id  o f  a s m a l l  s p a t u la  a lo n g  th e  one  
edge o f  the  sod ium  c h lo r id e  p l a t e ,  th e  o th e r  sodium  c h l o r i d e  
p l a t e  th en  p u t  o v er  i t  and sq u eezed  down s p r e a d in g  t h e  p a s t e  
e v e n ly  betw een  th e  two p la t e ï»  The p l a t e s  were th e n  mounted 
i n  th e  h o ld e r  and th en  p la c e d  i n  th e  sample b ^ m  p a th .  
H e x a c h lo r o b u ta d ie n e  was used  when th e  a b s o r p t io n  bands were  
to  be s tu d ie d  in  th e  r e g io n  in  which N u jo l  bands a p p e a r .
The in f r a x r e d  sp ectru m  o f  N u jo l  c o n t a i n s  o n ly  fo u r  
a b s o r p t io n  bands b e tw een  2 . 5 - 1 5 . ^  , a s t r o n g  d o u b le t  a t  
3 . 4 ^  and 3 .5 1  and two s t r o n g  a b s o r p t io n s  a t  6 .8 5 / ^  
and 7 .2 7 y ^ ‘
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Tabl e  I  Com parison o f  peak s -  "car b o n y l  r e g io n "  in  Nu.iol
S u b s t i t u e n t s  in  |ju
l , l ’ - b in a p h t h y l
H H _ -
8-COCH 8 ’-C00H(+) 5 . 9 0 ( s )  5.98(rn) 6 .2 2 ( w )
" " ( - )  5 . 90( 3 ) 5 .9 8 (m )  6 . 1 2  6 .2 2 ( w )
" " (+) 6.0 6.1U 6.22(w)
^  8H 8'-C00H 5 .9 5  ( s )  6 . 2 1  6 . 3 1
5-OOOH 5 ’ -G00H 5 . 90( 3 ) 6 . 2  6 .35
^U-COOH U’ -OOOH 5 . 9 5 ( 8 )  6 .35
2-OOOH 2 ' -GOOH 5 . 9 2 ( s )  6 . 1 8  6 . 2 7  6 .3 8
8-GOOCH^ 8*-000GH2(+) 5 . 8 8 ( s )
(-)
" " (+) Needle3 5 . 8 8 ( 3 )
" " (+ )  P l a t 0 3  5 . 8 8 ( 3 )
5 -COOGH3 5 ’ -C00GH^ 5 . 88 ( 3 ) 6 . 2 1 ( w )  6 .3 7 ( w )
^  8-GOOG2H5 8 ’ -G00H 5 . 7 9  6 . 0 2
M e t h y l - l - b r o m o n a p h t h a le n e ^ 5 .8 0  
- 8 - c a r b o x y l a t e .  )
8-GHgOH 8 ‘ -GOOGH3 5 . 8 l ( s )  6 . 2 2 ( w )  6 . 2 9 ( w )  6 . 3 8 ( w )
S-GHgBr 8 '-GOOOH3 5 . 81 ( 3 ) 6 . 2 2 ( w )  6 . 2 9 ( w )  6 . 38 (w)
^  The w r i t e r  th a n k s  D r . A .S .  Gooke f o r  t h i s  v a l u e .
\ GQ
Compar i s o n  w i t h  cond e nsed c ompounds
Compounds
A n th a n th ro n e
B e n z o - 1 * ,2 * - 7 ,8 - b e n z a n t h r o n e
B e n z o -1 * ,2 * -7 ,8 -b e n z a n t h r o n e -  
3 * - C a r b o x y l ic  a c id  (Y e llo w )
" " (O range)
B e n z o - l , 2 * - 7 ,8 - b e n z a n t h r o n e -
m e t h y l -3 * - c a r b o x y la t e .
6 . o 8 ( s ) 6 .2 7 ( w )  6 .3 6
6 . 1 ( 8 ) 6 .2 1  6 .2 8 6 .36
5 . 9 8 ( s ) 6 . 1 1 ( 8 ) 6 . 2 8 6 .3 2
5 . 88 ( s ) 6 .3 1 6 . 2+
5 . 8 3 ( 3 ) 6 . 1 ( 8 ) 6 . 2 8 6 .3 8
^  C r y s t a l l i z e d  from m eth y la te d  s p i r i t  ^ e  wave l e n g t h s  
f o r  a l l  t h e  a b s o r p t i o n s  a r e  g iv e n  i n  m ic r o n s ,  and t h e  
i n t e n s i t i e s  a r e  i n d ic a t e d  w ith  them f o r  a b s o r p t io n  bands
observed  i n  t h e  sp ec tru m . The i n t e n s i t y  sy m b o ls  have  t h e
/
f o l l o w i n g  m eaning;—
v . s .  v e r y  s t r o n g ,  §, s t r o n g ,  g . , medium, w, w eak , v .w .  v e r y  weak 
s h -  s h o u l d e r ) .
I t  seem s r e a s o n a b le  from th e  s tu d y  o f  th e  t a b l e  t o  
a s s i g n  v a lu e s  a b o u t  5 * 8 0 - 5 . 8 ^  to  CO i n  e s t e r s ,  5 . 8 0 - 5 . 9 ^  
i n  a c i d s  and th e  v a l u e  o f  about 6^1yU to  GO r e ^ e r e n e e  ( s e e  
p ag e  '65 ) i n  th e  condensed  c o n fo u n d s .  However (+ )  8 , 8 * -
d i c a r b o x y l i c  a c id  i s  e v i d e n t l y  a n o m a lo u s ; i t  i s  p o s s i b l e  th a t  
d i f f e r e n t  c o n fo r m a t io n s  o f  t h e s e  m o le c u le s  have  d i f f e r e n t  
d e g r e e s  o f  i n t e r n a l  hyd rogen  b on d in g  and d i f f e r e n t  r e s t r i c ­
t i o n s  on G 0  s t r e c h i n g  v i b r a t i o n s .
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t h e  p ea k  about 6 . 3 ^  a p p ea r s  in  l , l * - b i n a p h t h y l  i t s e l f ,  
t h i s  band a lw a y s  o c c u r s  a t  6 . 3 - 6 . 3 ^ w h e n  t h e r e  i s  a c o n ju g a te d  
p h e n y l  group i n  th e  m o le c u le ,
1 , 1 * - b i n a n h t h y l - 8 ,8 * - d i c a r b o x y l i c  a c id  : -
I t  i s  p o s s i b l e  t h a t  in  1 , l * - b i n a p h t h y l - 8 , 8 * - d i c a r b o x y l i c  
a c i d ,  a s  th e  r e s t r i c t e d  r o t a t i o n  o c c u r s  a b ou t t h e  l , l * - b o n d ,  
a number o f  p o s i t i o n s  o f  r o t a t i n g  groups a r e  p o s s i b l e  h a v in g  
d i f f e r e n t  sy m m e tr ie s ,  and th e  iso m e r  o b ta in e d  can produ ce  
th e  broad a b s o r p t io n  band and -  6 , 2 ^  due to  t h e
v i b r a t i o n  o f  th e  OO0H group .
The r e a s o n  why th e  (+%{-) and ( ± )  i so m e r s  a r e  so  
d i f f e r e n t  i n  th e  c a r b o n y l  r e g io n  and a l s o  in  8 - 8 . ^  and 1 0 . ^  
r e g i o n s  could  be b e c a u s e  o f  any  change i n  t h e  g e o m e t r ic a l  
arrangem ent o f  atom s and th e  f o r c e  c o n s t a n t  o f  each  in t e r a t o m ic  
bond w i l l  a l t e r  t h e  i n f r a  red s p e c t r a .  For exam ple  t h e  band 
near  1 0 . 8 ^  , which i s  s t r o n g  in  (+ )  a c id  a s  s y n t h e s i s e d  and 
in  t h e  a c id  r e c o v e r e d  a f t e r  r a c é m i s a t i o n ,  but i s  weak in  (*f*) 
and ( - )  i s o m e r s ,  a r i s e s  from th e  0-H d e f o r m a t io n s ,  a w o u l d  
be e x p e c ted  t o  t h e  marked ch a n g e s  a s s o c i a t e d  w i t h  the ch a n g e  
o f  s t a t e ,  which may a l t e r  t h e  d e g r ee  o f  hydrogen  b o n d in g .
The w a v e le n g th  ran ge  o f  t h i s  band i s  u s u a l l y  b etw een  1 0 . 6 4 - 1 1 . ^  
and t h e  band i s  u s u a l l y  broad and i l l  d e f in e d  when examined  
i n  th e  s o l i d  s t a t e ,  ( s e e  p ag e  »vô ) ,
The 0-H a b s o r p t io n  in  t h e  (+ )  ( + ) ,  ( - )  a c id  and in  t h e  
a c id  rec o v er ed  a f t e r  r a c é m is a t io n  o c c u r s  n ea r  3 # ^  » The
H ooC C o o H
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t h e  band i s  v e r y  broad i n  a l l  o f  them . The u s u a l l  
p o s i t i o n  f o r  th e  a l c o h o l i c  CH P eak  i s  2 . 9- 3 .O ,
b u t  t h i s  i s  s h i f t e d  to  a h i g h e r  v a l u e  i n  c a r b o x y l i c  a c i d  
g r o u p s .  The i n t r a m o l e c u l a r  h y d r o g e n  bond o c c u r s  n e a r  
U»0 , bu t  i n  t h e  p r e s e n t  s p e c t r a  t h e  band i s  t o o
broad t o  show up any  d i f f e r e n c e  w hich  may e x i s t  b e tw e en  
( + )  and ( + )  o r  ( ~ )  a c i d .  The c a r b o n y l  f r e q u e n c y  i n  th e  
( +) a c i d  a s  s y n t h e s i s e d ,  and i n  th e  ( ± )  a c i d  r e c o v e r e d  
a f t e r  r a c é m i s a t i o n ,  i s  s h i f t e d  to  a much g r e a t e r  e x t e n t  
t h a n  i s  u s u a l  i n  h y d ro g e n  b o n d i n g ,  t o  6 . 0 - 6 , 1 5 ^
CooH
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1 , 1 ’ - B ln a p h th y l- 8 , 8 ’- d l c a r b o x y l l o a c id In Hu.lol
( + )  from  S y n t h e s i s  ( + )  ( - )  a f t e r  r a c é m i s a t i o n
~___________________________________       o f  ( - ) _a c i d . ____
5 . 9  S 5 . 9  S
6 . 0  5 . 9 9  V.W. 5 . 9 8  V .w .  6 . 0 - 1
6 . 1 5  S 6 . 1 2  8 6 . 1 2  s  6 . 1 U - 5  S
6 . 2 2  W 6 . 2 2  W 6 . 2 2  W 6 . 2 2  W
6 . 8 7  ) 7 . 8 7  ) 6 . 8 7  ) 6 . 8 8
7 . 2 6 - 7  ) 7 . 2 7  ) 7 . 2 7  J 7 . 2 7
7 . 5 1  Sh 7 . 3 1  Sh
7 . 4 2  w  7 . 4 1  V  7 . 4 1  7 . 4 2
7 . 5 1  V 7 . 5  V.W. 7 . 5  7 . 5 1
7 . 6 1 - 2  M 7 . 6  7 . 6  7 . 6 2
X -  7 . 7  M 7 . 7  M  ^ -
7 . 9 5  S 7 . 9 6  7 . 9 3 - 4  7 . 9 3 - 1 / ,  S
8 . 3  M 8 . 3  s  8 . 2 9  8 8 . 3  M
8 . 7  M 8 . 7  M 8 . 7  M 8 . 7  M
9 . 0 4  V.W. 9 ^ 0 4 -5  9 . 0 5  9 . 0 3
1 0 . 6 2  W 1 0 . 3  V.W. 1 0 . 3  V.W
1 0 . 8 2  3 1 0 . 8  W 1 0 . 8  W 1 0 . 8 2 - 5
1 1 . 9 3  Sh 1 1 . 9 2 - 3  Sh 1109 ,-3  Sh 1 1 . 9 2  Sh
1 2 . 0 2  S 1 2 . 0 2 - 3  S 1 2 . 0 1  S 1 2 . 0 2  8
1 2 . 4  W -  -  1 2 . 4  W
1 2 . 6  M 1 2 . 6  V.W. 1 2 . 6  V.W. 1 2 . 6 1  M
1 2 . 8 9 - 9  V . S . 1 2 . 8 9  V .S .
1 7 2 /
( + )  from  S y n t h e s i s  ( + )  ( - )  a f t e r  r a c é m i s a t i o n
  ___  o f  a c i d . ________
1 3 . 0  V . S .  1 3 . 0  Sh 1 3 . 0  Sh 1 3 . 0 2  V .S .
1 3 . 3 8 m 1 3 . 2 2  M 1 3 . 2  M 1 3 . 3 8  M
1 3 . 5 2  Sh 1 3 . 3 8  W 1 3 . 6 8  W 1 3 . 5 5
1 3 . 9 9  W 1 3 . 9 9  W
1 4 . 2 6  m  1 4 . 2 2  M 114.22 m 1 4 . 2 5  M
3'-  ^ ' )
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B e n z o - l * , 2 * - 7 , ô - b e n z a n t h r o n e - ^ *- c a r b o x y l i c  a c i d .
Two t y p e s  o f  c r y s t a l l i n e  compounds w ere  o b t a i n e d  ( i )  
y e l l o w  m .p .  1 9 0 - 1 9 1 . 5 ^  from t o l u e n e ,  a c e t o n e ,  aril c h l o r o f o r m ,  
and ( i i )  Orange  m .p .  1 9 1 - 1 9 2 ^  from  m e t h y l a t e d  s p i r i t .  B oth  
t h e  c r y s t a l l i n e  forms o f  t h e  a c i d  h a v e  b e e n  a n a l y s e d  and t h e  
a n a l y s i s  i s  t h e  two c a s e s  was found t o  be  v e r y  g o o d ,  b u t  
t h e  i n f r a  red s p e c t r a  show d i s t i n c t  d i f f e r e n c e s  ( s e e  p a g e  ^^5 )
The G-0 a b s o r p t i o n  band 6 , l y U  w h ic h  i s  p r e s e n t  i n  
a l l  t h e  compounds g i v e n  i n  t h e  t a b l e  i s  t h e  c h a r a c t e r i s t i c
o n e  f o r  t h i s  t y p e  o f  compounds.  T h i s  v a l u e  was a l s o  r e p o r t e d
/
by  C rom w ell  and Hudson ( J . A . C . S .  ,  1 9 5 3 ,  2 ^ ,  8 7 2 ) .
I n  c a s e  o f  b e n z o - l % 2 * - 7 , 8 - b e n z a n t h r o n e - 3 * - c a r b o x y l i c  
a c i d ,  t h e  y e l l o w  c r y s t a l l i n e  form shows v e r y  s t r o n g  a b s o r p ­
t i o n  a t  5 * 9 * ^  f o r  t h e  c a r b o n y l  group o f  t h e  c a r b o x y l  g r o u p ,  
and a v e r y  s t r o n g  0 - 0  a b s o r p t i o n  a t  6 ,0 9 y ^  f o r  t h e  c a r b o n y l  
group i n  t h e  r i n g .  In t h e  o r a n g e  c r y s t a l l i n e  form t h e  0 - 0  
a b s o r p t i o n  batd o f  t h e  c a r b o x y l  group i s  s h i f t e d  t o  5 . 8 8 / ^  
and i t  d o e s  n o t  show a n y  0 - 0  a b s o r p t i o n  a t  6.]yM. c o r r e s p o n d i n g  
t o  t h e  c o n d e n s e d  compound. -4 V i n s t e a d  o f  t h i s  band t h e  
ban d s  6 .U /^ a n d  6 , ^ 6 yH w ere  o b s e r v e d .  T h i s  a b s o r p t i o n  may
\7^
a r i s e  from  t h e  c a r b o n y l  w h ich  h a s  had i t s  d o u b l e  bond 
c h a r a c t e r  r ed u c e d  by r e s o n a n c e  o f  t h e  t y p e : —
0 Ô
Reid and S u t h e r l a n d  , 19^3» 3 2 9 5 )  a l s o  r e p o r t e d  i n  
a some what s i m i l a r  c a s e  o f  ^ h e n a le n iu m  o x i d e  t h a t  t h e  
a b n orm al  l o w  i n f r a x r e d  c a r b o n y l  f r e q u e n c y  I 637  cm~^ ( 6 . 1  )
and t h e  v e r y  h i g h  d i p o l e  moment a r e  i n d i c a t i v e  o f  t h e  c o n s i d e r a b l e  











B e n z o - 1  ' , 2 ' - 7 . 8 - b e n z a n t h r o n e - 3 *- c a r b o x y l i o  a c i d  In  Nu.jol
Y e l l o w  Orange
5 . 9 7  ( v . s )  5 . 8 8  ( s )
6 . 0 9  ( v . s )  6 . 1 7  (w)
6 .2 6  (w)
6 . 3 1  (w) 6 . 3 1  (w)
6 . 8 6  6.i+ (m)
7 . 2 7  6 . 4 6  ( s )
6.88  
7 . 2 9
7 .5 6  ( v . w )  7 .5 6  ( v . w )
7 .6 4  ( v . s )
7 . 8 2  (m) 7 . 7 7  (m)
(m) 7 . 9 5  ( 8 b )
8 . 2 8  (w) 8 . 0 7  (m)
8 . 2 2  (w)
8 .6 1  (w) 8 . 4 9  (m)
9 . 5 ( v . w )  8 . 7 3  (w)
9 .0 4  (w)
9 .7 1  (w) 9 .4 6  (w)
9 .7  (w)
1 0 . 1 2 . 3  (w) 1 0 .1 4  (w)
1 0 . 4  (m) 1 0 .6 7  (m)
1 0 (m)
1 1 x 2 8  ( s )  
1 1 . 9 4  (w)  
1 2 .1  (w)  
-1-2.35 (m) 
1 3 .0  ( v . s )  
1 3 . 2 5  ( s )  
1 3 . 9  (w)
IV7
1 1 . 5 1  (w)
.11,23 (m)
1 2 . 0 9  ( s )  
(m)
1 2 .9 6  ( v . s )  
1 3 .3 2  (w)
I?#
D i m e t h y l - 1 . 1  *-binar)hthyl-8 .8 * -Q iGarboxylate; -
t o o
When l , l * - d i n a p h t h y l - 8 , 8 * - ^ i c a r b o x y l i c  a c i d  was t r e a t e d  
w i t h  a c o l d  e t h e r e a l  s o l u t i o n  o f  ê i a z o m e t h a n e ,  and t h e
/
p r o d u c t  was c r y s t a l l i z e d  from m e t h y l a t e d  s p i r i t ,  two t y p e s  :
o f  c r y s t a l s  were  o b t a i n e d  ( P .  ) •  ( l )  N e e d l e s  m.p# 1
1 5 8 - 1 5 9 °  a n d f t b e  p l a t e s  m .p .  1 5 8 - 1 5 9 ° .
The a b s o r p t i o n  band i n  t h e  c a r b o n y l  r e g i o n  f o r  b o t h  
t h e  f o r m s  was a t  5 . 8 8 ^  , b u t  t h e  s p e c t r a  w e r e  v e r y  
d i f f e r e n t  i n  1 1 . 5 - l l y ^  and 7 - 1 0 r e g i o n s #
7?
D i m e t h y l ,  1 , 1 * - b l n a p h t  h y l , 8 . 8 ’ - 1 , 1 ’ - b i n a n h t h y l
d i e a r b o x y l a t e iw  K u.lo l * 0 —
e l a t e s N e e d l e s m .p .  159 m.R lij4®
Z ' y .
5 . 9  v . s 5 . 8 6  v . s . -
6 . 2  v . w . 6 . 2 1  v . w . —
6 . 3 1  v . w . 6 . 3  v . w . 6 . 3 2  v . w . 6 . 3  v . w .
6 . 6 6  v . w . 6 . 6 6  v . w . 6 . 6 6  v . w . 6 , 6 6  v . w .
. 6 . 8 9  ) 6 . 8 8  ) 6 . 9  ) 6 . 8 6  )
7 . 2 8  ) 7 . 2 7  j 7 . 2 9  ) 7 .2 7  )
7 . 4 3  v . w . 7 . 4 9  v . w .
7 . 5 3  m 7 . 5 7  v . w .
7 . 7 2  m 7 . 9  s -
7 . 8 6  v . s . 7 . 9 4 7 . 9 7  w 7 . 9 7  w
8 . 3  v . s . 8 .2 3 8 . 3  w 8 .2 7  w
8 . 4 6  v . w . 8 .3 6  S h ,  8..4 4  8 8 .5 2 v . w ,  -
8 . 7 2  8 - 8 .6 3  w 8 . 6  w
8 . 7 7  Sh 8 . 7 7  s 8 . 8 8  w 8 . 8 7  v . w .
9 . 0 5  v . w . 9 .0 3 -
9 . 1 3 9.16 9 .3 1  v .w . 9 .3 3  v . w .
9 . 4 5  s 9 .4 4  s 9 .5 2  w. 9 . 4 5  w
9 . 7 2  v . w . 9 .8 3  m 9 .9 1  m 9 .8 9  m
9 . 8 6  w 1 0 . 1 5  w -
1 0 . 0 4  w 1 0 . 4  v . w . 1 0 . 3  w 10.3!{  w
1 0 . 5 1  w 1 0 .5  v . w . 1 0 .5 1 0 . 5
1 1 . 9 8  v . s . 1 2 ,  v . s . 1 0 .6 4 1 0 . 6 4
1 2 . 3  w 1 2 .1 3  8 1 1 .5 2
I g ' ü
P l a t e s N e e d l e s m .p .  159 m .p .  1 54  ^ iliH
1 2 . 5  Sh - 1 2 . 5 4  s 1 2 . 4 7
1 2 . 6 1  m 1 2 .6 1  s 1 2 .8  v . s .
1 2 . 7 4 1 2 . 8 4  v . w . 1 2 . 8 7 1 2 . 8 2  v . s .
1 2 .8 9  v . s . 1 3 . 0  Sh 1 3 .0  s
15 . %  v . w . 1 3 . 0 7  s
1 3 . 4 3  w 1 3 . 5  s 1 3 .6  w 1 3 .5 8  w
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Ko c o m p l e t e  c o n c l u s i o n s  c o u l d  b e  drawn  
f ro m  t h e s e  s p e c t r a ,  h u t  i t  may be s e e n  t h a t  i n  
I  , I - b i n a p h t h y l - b  ,8  ' - d i c a r h o x y l i c  a c i d  t h e  (-4^ ) a n d ( - )  
fo r m s  h a v e  s i m i l a r  i n f r a r e d  s p e c t r a  and h a v e  t h e  same  
m o l e c u l a r  c o n f i g u r a t i o n  a p a r t  fro m  t h e  m i r r o r  im ag e  
i s o m e r i s m ,  w h i l e  i n  (+ )  a c i d  t h e  i n f r a r e d  s p e c t r u m  
show s d i s t i n c t  d i f f e r e n c e s , t h e r e f o r e  i t  p r o b a b l y  
h a s  a  d i f f e r e n t  c o n f i g u r a t i o n .  The d i f f e r e n c e  c o u l d  b e  
b e c a u s e  o f  t h e  h y d r o g e n  b o n d i n g  w h ic h  may b e  d i f f e r e n t  
i n  t h e  two c a s e s  o w in g  t o  d i f f e r e n t  c o n f i g u r a t i o n  o f  
t h e  c a r b o x y l i c  a c i d  g r o u p  r e l a t i v e  t o  e a c h  o t h e r .
